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ment having a static pressure higher than the one 
of the outside ambient. To that end, the container is 
filled with a compressed ultra pure neutral gas. As 
a result, the container interior space has a positive 

s differential pressure with respect to the outside am- 
bient. Within the container, the protective environ- 
ment is safe, clean and still. This pressurized neu- 
tral gas constitutes said desired protective gaseous 
environment which fully isolates the wafer from any 

10 contamination existing in the outside ambient. Pref- 
erably, the gas is continuously rejuvenated through 
a high efficiency filter by a permanent connection of 
the container to a supply installation of said com- 
pressed ultra pure neutral gas, except during the 
very short times of transportation in the manufac- 
turing facility. Likewise, to that end, the pressurized 
interface apparatus and the dispatching apparatus 
are provided with gas feeding means. Moreover, the 
container and the pressurized interface apparatus 

so have been specifically designed so that during the 
transfer operations therebetween, the wafer is still 
protected by an efficient curtain or shower of said 
gas. Therefore, there is no isolation breakdown dur- 
ing the whole wafer processing/treatment. Finally, 

25 fabrication of contamination-free wafers under the 
conditions appropriate in ultra clean rooms is 
henceforth feasible without the huge facilities that 
are usually required in that respect. 

so 3. Usage of conventional conveyors. Aii these ele- 
ments have been designed to be fitted with conven- 
, tionaf COTyeyors,„thaLare_widely_recognized as a 
convenient transportation system, fully adapted to 
mechanical automation and computerization. 

3S 

DESCRIPTION OF THE PRIOR ART 



Description 

FIELD OF INVENTION 

The present invention relates to workpiece trans- 
portation and storage systems and more particularly to 
a family of pressurized scalable transportable contain- 
ers capable of storing a workpiece therein, typically a 
semiconductor wafer, in a protective gaseous environ- 
ment having a positive differential pressure with the out- 
side ambient. As a result, ingress of contaminants in the 
container is prevented. 

RELATED EP SPECICATIONS 

Pressurized interface apparatus for transferring a 
silicon water between a pressurized sealable transport- 
able container and a processing equipment EP- 
0582017. 

Dispatching apparatus with a gas distribution sys- 
tem for handling and storing pressurized sealable trans- 
portable containers EP-0582018. 

Fully automated and computerized conveyor based 
manufacturing line architectures adapted to pressurized 
sealable transportable containers EP-0582019. 

The first application is directed to a family of pres- 
surized sealable transportable containers which store a 
single semiconductor wafer in a protective gaseous en- 
vironment having a positive differential pressure with the 
outside ambient (e.g. the atmosphere). It is the essential 
constituent of this group of four inventions. The second 
application isdirected to a family of=pressurized inter- 
face apparatus for interlacing the container and a 
processing equipment. The role of the interface appa- 
ratus is to transfer said wafer from the container into a 
processing equipment for treatment and ■ vice-versa 
without breaking said protective gaseous environment 
The third application is directed to a family of dispatching 
apparatus with a gas distribution system for handling 
and storing the containers during the wafer idle times 
between different processing steps while still maintain- 
ing said protective gaseous environment. The fourth ap- 
plication is direcled to the optimal integration of above 
elements with conventional conveyor means and a com- 
puter system to result in a fully automated and compu- 
' terized manufacturing line which is modular, flexible and 
fully compatible with the Continuous Flow Manufactur- 
ing (CFM) concept in a Computer Integrated Manufac- 
turing (CIM) environment. 

There are three major principles at the base of these 
inventions. 

,1 . In essence, the container is adapted to store a 
single semiconductor wafer. 

2. Except of course during treatment in the process- 
ing equipment, the semiconductor wafer is perma- 
nently surrounded by a protective gaseous environ- 



Semiconductor wafers (hereinafter referred to as 
"wafers') are the base material for the production of VL- 

io SI chips. Wafers, usually stored in carriers or jigs, may 
only be handled and transported in extremely clean en- 
vironments, because even minute dirt or dust particles 
render them unusable for further processing. Therefore, 
control of particulate contamination is imperative for 

ts cost effective, high-yield and profitable manufacturing 
of VLSI chips. Because design rules increasingly call for 
smaller lines definition, it is necessary to exert greater 
control on the number of particles and to remove parti- 
cles with even diminishing sizes. For instance, contam- 

so ination particles may cause incomplete etching in spac- 
es between conductive lines which in turn, result in elec- 
trical failures in the final chips. 

Particles sizes down to 0, 1 um can still be very dam- 
aging in the semiconductor processing because of the 

55 very small geometries employed today in fabricating the 
semiconductor devices integrated in the VLSI chips. 
Typical semiconductor processes totiay employ ge- 
ometries which are 0,5 nm in the manufacturing lines, 
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therefore particles which have geometries measuring 
greater than 0,05|im substantially interfere with such 
0,5um geometry semiconductor devices. Because, the 
trend of course is to have even smaller and smaller ge- 
ometries, which today in research and development lab- 
oratories approach 0,1 pm and below, hence contami- 
nation by even smaller particles becomes of paramount 
importance. 

The main sources of particulate contamination are 
personnel, equipment, installation (including clean 
rooms) and chemicals. Particles within the equipments 
and chemicals are termed "process defects". To mini- 
mize process defects, processing equipment manufac- 
turers must prevent machine generated particles from 
reaching the wafers and suppliers of gases and liquid 
chemicals must deliver cleaner products. Particles giv- 
en off by personnel and clean room facilities are certain- 
ly the most important source of contamination. Because 
they are easily ionized, they tend to cause defects onto 
the wafer surface. 

The continuous trend in the semiconductor industry 
has been to build even increasing elaborated (and thus 
expensive) clean rooms with HEPA (High Efficiency Par- 
ticulate Air) filters and recirculating air systems to thor- 
oughly control contamination by particles. Filter efficien- 
cies of 99,99999% and up to ten complete air exchang- 
es per minute are customary requirements to date to ob- 
tain an acceptable level of cleanliness in the clean 
rooms. As a matter of fact, since different people, types 
of equipment, and materials (including filters, tans, ...), 
are also present in the clean room environment, the 
clean room cannot be maintained as particle free as de- 
sired. In particular, although usage of improved clean 
rooms reduces particle emission by these different 
sources, they do notfully contain such emissions. More- 
over, admittedly it is virtually impossible to maintain 
clean rooms free of particles of 0,1 um size and below. 

As a matter of fact, clean rooms rated class <1 are 
quite impossible to build. In addition, chemical contam- 
inant control in recycled air is a dramatic challenge be- 
cause of the complex and costly installation thus re- 
quired. Moreover, exploitation and maintenance costs 
of such clean rooms become really prohibitive. Note al- 
so, the low flexibility of the manufacturing lines con- 
structed in such clean rooms, because existence of 
walls, floors, conditioning systems, ... etc. In addition, 
the tracking and management ol processed wafers in 
such manufacturing lines, according to the host compu- 
ter of the Floor Control System (FCS), are difficult and 
require many manual operations. 

Wafers are only partially protected against particu- 
late contamination and poorly protected against chem- 
ical contamination. For example, photoresists are more 
and more sensitive to chemical product traces con- 
tained in the recycled air. This is an ever increasing 
problem, when recycled air is used in that respect, be- 
cause HEPA filters significantly reduce the particulate 
contamination level but are inoperative with respect to 



contaminant chemical molecules. 

In order to decrease wafer particle contamination 
• and to enhance thereby production throughput, a 
number of techniques to design improved and clean en- 
s closures instead ot said carriers have been recently in- 
troduced for storing and transporting the wafers to be 
used solely or in combination with the clean room con- 
cept. 

As far as such enclosures are concerned, there are 

10 two basic schools ol thought depending upon they are 
of the "open type" or of the "closed type". In the former 
case, the enclosure consists of a container including an 
air cleaning device, a battery as a power source, a fan 
unit, and a particulate air filter. The storing chamber 

'5 which is directly connected to the air cleaning device, 
has a first opening for receiving the filtered air flow and 
a second opening lor loading and unloading the carrier 
or holder containing the wafers, both openings facing 
each other. As a result, the major part of the filtered air 

20 flows in a laminated stream passing along the surfaces 
of the wafers with a fairly hjgh speed, serving to protect 
the waters from the intrusion of the particles contained 
in-the environmental air, and removing the undesired 
particles originally adhered to the said wafer surfaces. 

25 Illustrative of this first approach is US-A-4963069 
(Ref. D1 ) assigned to Meissner and Wurst GmbH. What ' 
is sought here is the cleaning effect of the laminar gas 
flow. Note the absence of a door closing the container, 
because the container is open on the side opposite to 

^0 iiie fan unit. 

A variant to this approach consists to have a con- 
ventional wafer carrier moving in a clean tunnel. Accord- 
ing to this implementation, a plurality of air blowers 
spaced with each other are disposed along a side wall 

ss of a clean tunnel, thereby outer air is supplied into a tun- 
nel zone by way of a HEPA filter. A clean air produced 
within the tunnel zone is circulated by disposing air out- 
lets and a suction port in a zone of each blower. Thus, 
a constant clean air flow can be circulated above the 

40 carriers supporting the walers within the clean tunnel 
during the whole wafer carrier transportation. An exam- 
ple of this approach described in US-A-4660464 (Ref. 
D2) assigned to Sanki Kogyo KK. As illustrated in Fig. 
4 thereof, the physical implementation of the tunnel is 

4S relatively complex and room consuming. This approach 
is penalized by an obvious lack of flexibility due to the 
heavy implementation that is required. 

Although conceptually simple, the 'open type" con- 
tainer approach does not appear to meet the present 

s o and future manufacturing needs, and to date most tech- 
nical experts seem to rely more on enclosures of the 
"closed type", i.e. wherein the wafers are hermetically 
enclosed. The "open type" approach was considered 
because the admitted difficulty to ensure airtight sealing 

ss of the "closed type" enclosure. Should the enclosure be- 
come damaged, the wafers would be immediately con- 
taminated. However, the same problem exists with re- 
spect to the "open type" approach, lor example, should 
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a failure occur in the air cleaning device or in the battery. 
In addition, this approach is not reliable in case of 
shocks and exploitation costs are very high (the filter 
needs frequent changes). 

The major contribution to the 'closed type" enclo- s 
sure state of the art in that respect, is known under the 
brand name of the Standardized Mechanical InterFace 
(SMIF) concept. The SMIF concept was first described 
in the article "SMIF: a technology for wafer cassette 
transfer in VLSI manufacturing', by Mihir Parikh and Ul- ><> 
rich Kaempf, Solid State Technology, July 1984, pp. 
111-115 (Ref. D3). Further details can be found in patent 
specifications US-A-4532970 (Ref. D4) and US-A- 
4534389 (Ref. D5) both assigned to Hewlett-Packard 
Cy. In essence, according to the fundamentals of the »s 
SMIF concept, the proposal consists to reduce particle 
contamination by significantly limiting particle fluxes on- 
to wafers by mechanically ensuring that during trans- 
port, storage and processing of the said wafers, the gas- 
eous media, generally air, surrounding the wafers is es- 
sentially stationary relative thereto. To have a plurality 
of wafers permanently surrounded by a still gaseous 
ambient in a clean enclosure is therefore the essential 
characteristics of the base SMIF concept. 

Its reduction to practice results in a standard SMIF 25 
system which basically comprises four essential parts. 

First, a small box having a still clean gaseous inter- 
nal environment, referred to as the base SMI F box, con- 
sisting of a box top or cover sealingly mating with a box 
base tor hermetic tight and enciosing'a wafer cassette. 30 
The gaseous media surrounding the wafers results from 
thejpecificambient whjch_preyailed at thejime the wa- 
fer cassette was enclosed within the base SMIF box. A 
standard cassette carries about 25 wafers. The base 
SMIF box is used for storing and carrying waters to and 35 
from a processing equipment and between different 
processing equipments. 

Second, an interface apparatus referred to as the 
•base SMIF interface apparatus, which essentially cpn- 
■ sists of a removable canopy that fully covers the input/ io 
output port of the specific processing equipment. The 
canopy demarcates a still, particle-free air volume re- 
ferred to as the canopy interior space to interface with 
the processing equipment. The latter is typically a mask 
aligner, an evaporator, a Rl E etcher and the like. On the <s 
other hand, the internal environment within the process- 
ing equipment is separately maintained and cleaned, so 
that the processing equipment need not to be necessar- 
ily installed in a clean room. The SMIF box is placed at 
an interface port on top of the canopy, referred to as the so 
canopy port, forming an hermetic seal therewith. Then, 
the cassette containing the wafers is withdrawn from Ihe 
SMIF box and transferred by an elevator/manipulator 
assembly to the close vicinity of the said input/output 
. port for processing. Next, the wafers are extracted from 55 
the cassette and introduced in the processing equip- 
ment chamber, either manually by an operator manipu- 
lating a gripper via a glove port or automatically using a 
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loading/unloading robot. Thus, the base SMIF box can 
be carried in a non-clean atmosphere to an appropriate 
processing equipment where the wafers are processed 
in a controlled clean environment without contamination 
and without having to make the entire manufacturing fa- 
cility clean. 

Third, a conventional storage station provided with 
a number of racks or compartments is required to store 
the base SMIF boxes during the wafer processing idle 
times. 

Fourth, a transportation system for moving the base 
SMIF boxes between the base SMIF interface appara- 
tus and the storage station. Conventionally, the base 
SMIF box is manually transported from one processing 
equipment to another or from the storage station to one 
processing equipment and vice versa. But, alternatively, 
the standard SMIF system may preferably further in- 
clude an automatic transportation and handling system, 
typically, a robotic vehicle, usually referred to as the Au- 
tomated Guided Vehicle (AGV), controlled by the FCS 
through a wireless link. 

The standard SMIF system described above may 
encompass a large variety of variants, however the four 
basic components mentioned above still remain: the 
SMIF box, the SMIF interface apparatus (enclosing the 
processing equipment), the storage station and the ro- 
botic vehicle (in the automated version). There is a 
plethora of pertinent references in that respect. 

For instance, a typical base SMIF box is shown in 
US-A-4674939 (Ref. QR) assigned 1o ASYST Technol- 
ogies Inc., and more particularly in Fig. 3. According to 
that reference, there is described a scalable transport- 
able box which defines an interiorspace'forcontaining - 
a number of wafers. The SMIF box includes a box top 
or cover and a box base which supports the box top. It 
further includes a box door for opening and closing the 
box. The box door is a support which is adapted to re- 
ceive the cassette holding the wafers within the said in- 
terior space. The wafers in the cassette are retractable 
with the box door. Once the SMIF box has been placed 
down on top of the canopy port and firmly secured and 
sealed therewith, an elevator inside the canopy, is ac- 
tuated to withdraw the canopy port door with the box 
door (the wafer cassette is attached thereto), down and 
out of the box. The wafers in the cassette can now be 
extracted from canopy port door/box door assembly for 
subsequent adequate treatment in the processing 
equipment chamber. The box top ensures hermetic 
sealing at the canopy port location thereby preventing 
any ingress of dirt particles within the canopy interior 
space. All individual elements are carefully adjusted one 
with respect to the others, to provide dust-tight seals 
therebetween. 

The above SMIF box has a number of inconven- 
iences. First of all, it requires a large number of mechan- 
ical parts and the assembly thereof is quite complex. But 
the major inconvenience lies in that particle contamina- 
tion may still arise, in particular during transportation 
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when a SMIF box is disturbed and during the idle time 
periods the wafers are not processed when the SMIF 
boxes are stored under not optimal clean room condi- 
tions, simply because the SMIF box is not fully hermet- 
ically sealed. 

Whenever a SMIF box is disturbed, by bumping for 
example, many small particles are freed from the sur- 
face and find their way as contaminants onto the semi- 
conductor wafer present in the SMIF box. In particular, 
the greatest the number of wafers stored in the SMIF 
box, the most likely this contamination by silicon partic- 
ulates. As a matter of fact, when a SMIF box becomes 
contaminated, it is very difficult to remove said small 
contaminant particles since the force of attraction of 
small particles to the interior surfaces of the container 
is very high. In addition, the SMIF box shape and con- 
struction result in easy particle trapping. Scrubbing and 
washing techniques thus have been developed tor re- 
moving said small particles, but they tend to be cumber- 
some and are not entirely effective because of the 
number of the different mechanical parts and their com- 
plex assembly mentioned above. 

On the other hand, the chemical contamination 
problem is not addressed, because the gaseous media 
which surrounds the wafers is the ambient which pre- 
vailed at the time the cassette was loaded in the SMIF 
box, generally a clean air ambient but with no special 
care with respect to potentially existing contaminant 
chemical molecules. 

Therefore, there was still a need for an improved 
enclosure really effective for reducing this global con- 
tamination. However, as far as particulate contamina- 
tion is-concerned, two significant improvements have 
been recently made to the base SMIF box, in an attempt 
to solve this acute problem. 

According to US-A-4739862 (Ref. D7) again as- 
signed to ASYST technologies Inc, the first improve- 
ment consists in inserting a liner into the SMIF box in- 
terior space surrounding the cassette (for illustration, 
see more particularly Fig. 3). In a preferred embodiment, 
the liner comprises a top liner located between the box 
top and the box base, made of a semi-rigid material 
which maintains a concave shape and surrounds the 
cassette or holder independently of any mechanical 
support. In another preferred embodiment, Ihe liner fur- 
ther includes a base liner which is adapted to fit on the 
surface of the box door. The base liner has a sealing lip 
around its perimeter for exerting a force between the 
base and the box door for encouraging a dust-tight seal 
therebetween. The top liner includes a compression 
means for exerting a force between the box top and box 
base. The top liner sits on the box base. 

Typically, the top liner is a thin, flexible plastic liner 
which requires mechanical support to be held in a tent 
shape. The top liner is made from a non-contaminating 
material such as a thermoplastic, examples of which are 
vinyl, acrylic or fluoroplastic. Thermoplastics can be 
conformed by well-known techniques into relatively thin 
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or thicktransparenl films. In any embodiment, such ther- 
moplastic films are manufactured by processes which 
result in a low number of very small contaminant parti- 
cles. A fluoroplastic is a generic name for polytetraflu- 

s orethylene and its copolymers. One such well known 
fluoroplastic is TEFLON (a trade mark of du Pont). 

The liners are essentially disposable. Typically, a 
liner is destroyed after one or several uses. It is expect- 
ed that a liner would last 1 week to 3 weeks under ex- 

10 pected processing conditions. Although the liner envi- 
ronment is as clean as possible, contaminants generat- 
ed by bumping as mentioned above are present. The 
contaminants collected on the external surface of the 
liner, cause the linerto become dirty and become of po- 

'* tential source of contamination lor the subsequent 
processing steps at the opening of the SMIF box. By 
replacing the liner, the container is restored to its original 
'clean* state without the need to replace the entire SMIF 
box itself. Although particulate contamination was sig- 

20 nificantly reduced thanks to the presence of such liners, 
contaminants were still noticed onto the wafer surfaces. 

A further improvement is described in US-A- 
4724874 (Ref. D8) again assigned to ASYST Technol- 
ogieslnc. In this reference, the improved SMIF box has 

is a similar construction with respect to the SMIF box just 
described above in US-A-4739882. The originality now 
mainly consists in the provision of a valve and a conduit 
in the box door for communicating between the interior 
space of the box and a pump when an injector/extractor 

30 assembly is sealably inserted in the valve. As illustrated 
in Figs. 2 to 4 of US-A-4724874, this assembly is mount- 
ed through the port plate. The conduit includes a filter 
for filtering the gas, e.g. air (or nitrogen) passing through 
the conduit. Still according to US-A-4724874, the im- 

3S proved SMIF box once affixed onto the canopy port, is 
cleaned by alternatively pressurizing and evacuating 
the internal air through said filter. Thus, air may be cir- 
culated throughout the interior space of the improved 
SMIF box without opening it. 

40 Similarly, the base SMI F interface apparatus is also 
modified to take in account this gas cleaning improve- 
ment. It thus includes means for supplying the gas to 
the improved SMIF box. Moreover, the canopy environ- 
ment pressure is also independently controlled, be- 

4S cause the canopy interior space is likewise connected 
to the pump (num. 1 02 in Fig. 2). As a result, connecting 
the improved SMIF box interior space to the said pump 
via said injector/extractor assembly, allows not only to 
clean the wafers but also to match the pressures be- 
so tween the said improved SMIF box interior space and 
the canopy interior space before the wafer cassette is 
retrieved from the improved SMIF box and introduced 
in the processing equipment. 

According to US-A- 4724S74, the permanent still air 

ss approach that has prevailed on the prior base SMIF box- 
. es is no longer used, probably because it revealed to be 
not fully satisfactory. As a matter of lact, the prior base 
SMIF concept has included the principle that the wafers 



EP0 582 016 B1 



5 




9 EP 0 582 

move from the SMIF box to the processing equipment 
by disturbing the least possible amount of air within the 
box. The admitted advantage of this approach is that 
any particulate in the enclosed clean air would not dam- 
age the waters because the air remains relatively still or s 
stagnant during the various handlingAransportation 
steps. Now, according to US-A-4724874 it has been 
found that stagnant air, too, has many particles which 
may also cause damage simply by static attraction. The 
first attempt to solve this problem mentioned above with 'o 
reference to US-A-4739882, was the insertion of a dis- 
posable liner between the wafer cassette and the box 
top. The recognition that the permanent still air ap- 
proach causes contamination and damage has there- 
fore created the need explicated in US-A 4724874, for is 
a temporary dynamic cleaning as similarly practiced in 
some respects in the "open type" enclosures. This air 
cleaning of the internal environment of the SMIF box in- 
terior space with which the wafers are exposed is per- 
formed by successive pressurization/evacuation of the f 
enclosed air. It aims first to release the particles, then 
to collect them for subsequent elimination. The final re- 
sult is therefore a significant departure from the base 
SMIF still air approach which employed no active pres- 
surization/evacuation ization/evacualion of the SMIF 25 
box internal space. It is important to notice that the air 
cleaning step is performed on the totality of the wafers 
enclosed in the cassette and only when the improved 
SMIF box is affixed onto the canopy port The essence 
oi the improved Sivilr concept is thsrstorc an hybrid ap- 30 
proach to the solution of the contamination problem. The 
wafers are enclosed in a still air ambient during the stor- 
age andthe transportation but are subjected to a vigor- 
ous dynamic air flow cleaning before being processed. 

In summary, the ultimate SMIF solution described 3S 
in US-A-4724874 and more particularly in Fig. 4 basi- 
cally consists of an improved SMIF box for use with an 
improved interface apparatus. 

The improved SMIF box construction still includes 
a housing having an interior space for containing awafer *o 
cassette. A plastic liner is inserted into the said interior 
space to surround the cassette. The liner forming ma- 
terial appears to be limited to plastics because of the' 
flexibility requirements. The box includes a box top and 
a box door which are designed for tight closure. The port <s 
plate mentioned above is sealably mating tothe box top. 
The port door includes a sealing surface and is affixed 
to the port plate. The box door includes a relatively so- 
phisticated latch mechanism for mechanically opening 
and closing of the port door. Butnow, the improved SMIF so 
. box further includes a conduit and a valve for establish- 
ing a communication between its interior space and a 
pump via an injector/exlractor which is sealably inserted 
through the port plate when the SMIF box is affixed on 
the canopy port. The conduit includes a filter lor filtering ss 
the fluid passing through it. 

Likewise, the improved SMIF interface apparatus 
still consists of a canopy which is adapted to the specific 



016 B1 10 

processing equipment and covers the input/output ports 
thereof. In addition to the canopy port, the interface ap- 
paratus includes a motor driven elevator/manipulator 
assembly that is required to extract the wafer cassette 
from the SMIF box and transport it to the processing 
equipment input/output port and reciprocally. As appar- 
ent from Fig. 2 of US-A-4724874, this is a relatively com- 
plex mechanism and a potential source of wafer con- 
tamination. But now, the improved interface apparatus 
further includes means for connecting the interior space 
of the improved SMIF box and ol the canopy to a pump. 
It is important to notice that in accordance with the 
teachings of this reference, the need for gas cleaning is 
performed at localized areas, i.e. when the improved 
SMIF box is affixed on the canopy port and thus, only 
for the corresponding periods. 

Still according to this ultimate SMIF solution, no sig- 
nificant improvements are suggested in US-A- 
4724874, as far as the storage station and the transpor- 
tation technique are concerned with regards to the base 
SMIF solution. 

Finally, although the base SMIF solution has been 
ameliorated in some extent, it still remains some major 
inconveniences in the ultimate SMIF solution, as it will 
be analyzed below. 

First of all, should the SMIF boxes not fully hermet- 
ically sealed, because its interior space is not pressu- 
rized, particles from the outside ambient are not com- 
pletely prevented to enter into the immediate internal 
wafer environment. Admittedly, it would be too difficult 
and expensive to built totally hermetic SMIF boxes. 

. Recent experiments have shown that when small 
particles become attached to a surface such as a SMIF 
box, they are not effectively removed by air circulation 
and filtration techniques. As a matter of fact, circulating 
and filtering air (or other inert gas) within the improved 
SMIF box does not readily remove the contamination 
particles which are attracted and held in contact with the 
internal surfaces thereof. 

During the air cleaning step which is performed only 
when the improved SMIF box is affixed onto the canopy 
port, a relatively important quantity of gas is injected 
therein and flows directly onto the wafers. Because, fil- 
tering is not 100% perfect, the particles remaining in the 
filtered gas which is spread over the wafers, are likely 
to be deposited thereon, i.e. the reverse effect of what 
is sought in reality. 

Consequently, the wafers are not effectively isolat- 
ed from particulate contamination during the whole se- 
quence of fabrication steps. 

The SMIF box construction is rather complex, there- 
fore, to clean the different parts of the SMIF box is diffi- 
cult. Moreover, assembling said parts manually by an 
operator is also a potential source of contamination for 
the SMIF box. 

SMIF boxes are nol readily stackable, and typically 
are designed for lonely usage. 

As apparent from the above, SMIF boxes are well 
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adapted to receive a cassette which carries a plurality 
ot waters. 

None ot the described SMIF boxes appear to have 
been specifically designed lor carrying a single wafer. 
To date, silicon wafers are by far the most extensively 
used in the semiconductor industry and with the contin- 
uous increase of the silicon wafer diameter, SMI F boxes 
weight even heavier and become unhandy. A SMIF box 
of 25 silicon wafers weights about 5 kgs. Consequently, 
200 mm diameter waters seem to be the extreme limit 
tor multiple silicon wafer SMIF boxes. By the way, the 
largest the capacity of the cassette, the greatest the risk 
ot contamination by silicon particulates during the han- 
dling/transportation steps. 

On the other hand, the present trend in advanced 
wafer processing is to evolve towards the Single Water 
Treatment (SWT) for process uniformity and quality rea- 
sons. Single wafer processing equipments are exten- 
sively used for PECVD, RIE, FfTP and other processes. 
Only some processes, such as CVD Al because of its 
low deposition rate cannot be implemented this way. 
Batch processing is then required. Typical advanced 
single wafer processing equipments use a system con- 
figuration comprising a wafertransfer robot which trans- 
fers a wafer stored in a multiple wafer cassette to and 
from a single wafer processing chamber generally op- 
erating under vacuum. In that respect, the SMIF box 
does not appear adequate, because when a wafer is 
processed in a single wafer processing equipment, the 
ether wafers are idiing and. become readily contaminat- 
ed. Moreover, if a SMIF box contains wafers to be proc- 
essed in different equipments, the individual wafer fol- 

" lbw T up~process is quite cumbersome if even possible. 
In addition, to date, the Single Wafer Treatment 
(SWT) approach appears to be the only adequate way 
to fulfill the Continuous Flow Manufacturing (CFM) con- 
cept requirements in a Computer Integrated Manufac- 
turing (CIM) environment, and in that respect again, 
SMIF boxes still do not appear to be well adapted. By 
CFM, it is meant a technique for reducing the lead times 
and thus the idle times. In particular, it is important to 
optimize the chaining of the various processing steps in 
order to fabricate the chips faster. By a CIM environ- 
ment, it is meant an installation, e.g. a manufacturing 

' line, that is automated and fully under computer control. 
However, the demand of simultaneously handling a 
plurality of wafers may continue. For example, because 
ot the nature of the semiconductormaterial, e.g. gallium- 
arsenide (GaAs) wafers have a smaller diameter when 
compared to silicon wafers or because of the nature ot 
the processing step: e.g. water rinsing/dipping steps are 
usually completed by batch. More generally, this de- 
mand may exists for other types of workpieces in differ- 
ent fields ot the technology. So that, for universal use, 
any valuable innovative "closed type" enclosure design 
should have the ability to be simply adapted to batch 
processing. 

As far as the improved SMIF interface apparatus is 



concerned, it still does not appear to be adequate in 
somB respects. First, it requires a relatively sophisticat- 
ed implementation from a mechanical point of view. In 
particular, the step of withdrawal mentioned above, ne- 

s cessitates complex latch/release mechanisms in partic- 
ular at the canopy port between the port door and the 
box door, as illustrated by Fig. 3 of US-A- 4724874, 
mainly because the weight of the cassette (5 Kgs). Ad- 
ditionally, such a complex mechanism is a potential 

io source of water contamination. Moreover, the canopy 
delineates a large volume interior space. Should air be 
used as the internal ambient because ot its bw cost, it 
would cause undesired oxidation effects to the exposed 
silicon. On the contrary, should nitrogen be used, be- 
ts cause of the large volume delineated by the canopy, it 
would result in a very costly solution. 

SMIF boxes are still stored into individual racks or 
compartments of a huge storage station (see Fig. 4 of 
the above cited article). As mentioned above, all the 

2" handling is manual or requires a robotic vehicle. In the 
latter case, it is relatively a heavy and costly solution. 
Generally, the robotic vehicle follows a guide line or 
track that contains an electromagnetic radiation emitting 
material. The electromagnetic radiation can be detected 

25 by a photocell sensor. The robotic vehicle is controlled 
by a radio frequency communication link. The radio fre- 
quency signals are serial in nature, slow in the amount 
of information transmitted, and may be subject to elec- 
tromagnetic interferences from the other equipments 

30 used in the factory. 

Finally, for a complete disclosure, note that the 
problem of permanent and efficient identitication of the 
SMIF boxes has also been addressed.in the-SMIF so^ 
lutions, for example in WO-A-87/03979 (Ref. D9) still as- 

35 signed to ASYST Technologies Inc. But, according to 
the SWT approach, and for many reasons, it is highly 
desirable now, to have the host computer ot the Floor 
Computer System (FCS) permanently tracking each 
wafer individually tor appropriate processing thereof in- 

io stead of following a number of wafers contained in a cas- 
sette as practiced pursuant to the prior SMIF solutions. 

As apparent from the above statements, the imple- 
mentation of the proposed ultimate SMIF solution leads 
to many deficiencies and inherent limitations. As a re- 

is suit, there is ever a primary need for an innovative so- 
lution much more effective for totally eliminating wafer 
contamination, globally less complex and better adapt- 
ed to the SWT approach and to the requirements of the 
CFM concept in the CIM environment. 

so Applicant's inventors have thus conceived and de- 
veloped a new manufacturing concept. The essential 
feature of the base SMIF concept is maintained, i.e. pro- 
viding a clean enclosure with a still gaseous ambient to 
protect the wafers (and thus eliminate the need of ultra 

ss clean rooms). Two specific features of the improved 
SMIF concept are also included therein: the broad idea 
of having a protective liner and that lire canopy interior 
space can be pressurized to match the improved SMIF 
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box interior space pressure. The new concept is basi- 
cally described by the following key words: COntamina- 
tion-free, global Automation, and Single workpiece/wa- 
fer Treatment. The new concept will be thus referred to 
below by the acronym COAST. 5 

As a matter of fact, the COAST concept significantly 
departs from the said ultimate SMIF solution on at least 
three points. Firstly, the main objective is no longer to 
develop improved wafer gas cleaning techniques (as 
described in Ref. US-A- 4724874) but instead, to elimi- 
nate any potential risk of wafer contamination including 
both chemical and particulate contaminations. The ob- 
jective is contamination-free workpiece fabrication. Sec- 
ondly, it aims to reduce human intervention to a mini- 
mum. To that end, all the intervening elements are de- is 
signed for being fully adapted to a global automation 
concept. Thirdly, it is essentially based upon the SWT 
approach, which appears to be the future of the semi- 
conductor wafer processing. 

20 

•BRIEF SUMMARY 

According to the COAST concept, a single water is 
thus stored, transported, and handled before and after 
processing while it is permanently surrounded by a pro- 25 
tective gaseous environment consisting of an ultra pure' 
neutral gas having a positive differential pressure with 
the outside ambient, for total isolation therewith. There 
is no isolation breakdown at any time during the whole 
wafer processing step sequence Because, this environ- 30 
ment is quasi still, the COAST concept is therefore 

- broadly in compliance with the still air approach of the 
base SMIF concept but it necessitates generation and - 
preservation of this pressurized protective neutral gas- 
eous environment. 3S 

Obviously, the COAST concept aims to comply with 
the Continuous Flow Manufacturing concept in a Com- 
puter Integrated Manufacturing environment, that is of 
paramount importance in the present and future of ad- 
vanced semiconductor device manufacturing. 40 

The COAST concept is articulated around three ba- 
sic innovative elements. First, a family of pressurized 

■ sealable transportable containers which store a single 
silicon wafer in a pressurized protective gaseous envi- 
ronment. Second, a family'ot pressurized interface ap- 45 
paratus adapted to said containers. The interface appa- 
ratus performs the automatic wafer transfer operation 
between the container and the processing equipment 
(associated to said interface apparatus), without break- 
ing the said protective gaseous environment. Third, a 50 
family of dispatching apparatus with a gas distribution 
system adapted to handle and store a plurality of such 
containers during the processing idle times while per- 
manently maintaining said protective gaseous environ- 
ment therein. These three innovative base elements ss 
have been especially designed for use with convention- 
al conveyors and for total compatibility with an informa- 
tion handling system to comply with the above men- 




tioned CFM concept in a CIM environment. Conse- 
quently, these elements, when integrated with a stand- 
ard computer system and conventional conveyors in- 
cluding intra-bay and extra-bay sections, result in a plu- 
rality of fully automated and computerized conveyor 
based manufacturing lines that have outstanding flexi- 
bility and modularity advantages. Essential features of 
said basic innovative elements will be described below. 

1 . The containers 

According to the COAST concept, the novel pres- 
surized sealable transportable container basically in- 
cludes a box-shaped cassette reservoir provided with 
an access opening normally tightly closed by releasable 
door means for hermetic sealing and containing therein 
an adequate quantity of pressurized ultra-pure neutral 
gas in its interior space. In the steady slate (container 
door is closed), the pressure which prevails within the 
container referred to as Pcont, has a first or nominal val- 
ue p to develop a small positive differential pressure Ap 
(typically Ap = 5000 Pa) with respect to the outside am- 
bient. The nominal pressure p must be high enough to 
prevent ingress of contaminants within the container in- 
terior space but not too high, an excess of pressure 
could cause in particular undesired opening of the said 
door means. This gas is supplied by a compressed ultra 
pure neutral gas supply installation through gas injection 
valve means (including a high efficiency filter). Unlike 
the ultimate SMIF solution which requires huge quantity 
of gas to supply the canopy environment, the present 
container thus encloses only a limited quantity of it. The 
container of the COAST-concept is made as hermetic . 
as possible. Howeverthere is admittedly some gas leak- 
age during storage and transportation. Moreover, there 
are also some gas losses during the transfer operations 
mentioned above. 

The cassette reservoir includes a drilled inner wall 
that demarcates two regions within said container inte- 
rior space : a first region in relationship with said gas 
injection valve means to form the reservoir properly said 
and a second region or receptacle adapted to receive 
either a wafer or preferably a wafer holder. The holder 
is provided with a transfer opening enclosing a single 
wafer and is adapted to be inserted in and removed from 
and from the said receptacle through the said access 
opening at the beginning and at the end of the wafer 
processing step sequence. On the olher hand, the hold- 
er includes a casing provided with minute via-holes that 
are designed, so that the gas flowing from the reservoir 
into the holder interior space does not so easily pene- 
trate therein. The holder includes means for softly but 
firmly maintaining the wafer therein. The holder which 
further plays both the roles of the liner and cassette of 
the ultimate SMIF solution (US-Ar 4724874) is prefera- 
bly made of a transparent and non-contaminating ma- 
terial such as a plastic or pure Si0 2 (quartz). It is either 
disposable or cleanable. For example, if it is made of 
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quartz, it can be cleaned for re-use. Likewise, in a pre- 
ferred embodiment, the cassette reservoir is preferably 
made of a transparent and non-conlaminating material 
such as a plastic or if made of an opaque material such 
as stainless steel, it is provided with a transparent win- s 
dow so that identification data attached to the wafer can 
be directly and automatically read by an appropriate 
reader, e.g. by a bar code reader. 

Said door means preferably consists of a pivoting 
cover provided with sealing means, typically an O-ring '0 
surrounding the access opening and closing means, 
typically drawback springs, for tight and hermetic clo- 
sure. Preferably, it further includes release means 
adapted to cooperate with corresponding means provid- 
ed to the front face of the pressurized interface appara- 's 
tus for automatic opening of the said pivoting cover. 

Whenever necessary, in a departure from the SWT 
approach, the holder can be readily adapted to receive 
a plurality of wafers instead of a single wafer to imple- 
' ment a multiple wafer container version. In turn, the con- so 
tainer receptacle can also be readily adapted to receive 
different types of multiple wafer holders, including com- 
mercially available wafer holders or standard cassettes. 

Moreover, the pressurized scalable transportable 
container overall design is adapted to be transported by zs 
conventional conveyors. 

Finally, Applicant inventors' solution to the general 
problem of storing and transporting a wafer to be treated 
in a series of processing equipments, therefore consists 
in a relatively simple container where any source of con- 30 
iaminaiion is prevented, because the wafer is perma- 
nently enclosed in a pressurized protective ultra pure 
neutral gaseous envir onme nt. The con taine r is stacka^ 
ble and perfectly suited to the Single Wafer Treatment 
approach (but easily adaptable to multiple wafer batch 3S 
processing if so desired). Basically, the COAST concept 
remains in line with the "closed type" enclosure ap- 
proach with a still gas environment therein. However, 
unlike the base SMIF solution, the stagnant gas consist- 
ing of air or an inert gas is no longer at the atmospheric *o 
pressure, but is necessarily a compressed ultra pure 
neutral gas that is permanently maintained under pres- 
sure with respect to the outside ambient. As a result, 
any ingress of dirt particles and chemical contaminants 
into the container from the said outside ambient, is con- « 
stantly prevented. Air and some inert gases such as 
C0 2 react with the silicon wafer surface and produce an 
undesired oxide layer, that has to be subsequently re- 
moved. 

so 

2. The pressurized interface apparatus 

Still according to the COAST concept limited to a 
typical single IN/OUT section version, the novel pressu- 
rized interface apparatus essentially includes a box- ss 
shaped housing provided with two openings : a port win- 
dow closed by controlled lid means located in the Iront 
face of the housing and a communication gate opposite 




to said port window defining thereby a port zone or load- 
lock chamber therebetween. The communication gate 
permits communication between the interface appara- 
tus interior space and the processing equipment cham- 
ber either directly or indirectly. Depending upon the ap- 
plication or the specific treatment step performed in the 
chamber, the communication gate may also be provided 
with lid means. The interface interior space also con- 
tains a pressurized protective gaseous environment 
generated either directly by a connection to the said gas 
supply installation via specific gas injection valve means 
inserted in the interface housing or indirectly, by the 
processing equipment itself, depending upon the appli- 
cation. Normally, in the steady state, fhe interface inte- 
rior space is at Ihe same nominal pressure p as the con- 
tainer interior space to ensure the positive differential 
pressure ;lp mentioned above is obtained. A transfer ro- 
bot is mounted inside the interface interior space whose 
role is to grasp the wafer stored in the container and to 
transfer it in the processing equipment for being treated. 
The pressurized interface apparatus further includes a 
container receiving zone adjacent to the housing front 
face having a rest zone and an active zone. It still further 
includes actuator means provided with gas feeding 
means, so that during the waiting time the container re- 
mains in the rest zone of the pressurized interface ap- 
paratus, the container is firmly held and permanently 
connected to the said compressed ultra pure neutral gas 
supply installation. Actuator means are intended to grip 
the container and move it from the rest zone to the active 
zone in orfler to have the container sealably mating with 
the port window before wafer unloading fakes place. 

The method of unloading the jwale r from the_con- 
tainer to transfer it into the processing equipment reads 
as follows. 

Assuming Ihe container is in the waiting state, i.e. 
firmly maintained by the actuator means in the rest zone 
in front of the port window and supplied with gas. The 
interface interior space is pressurized at the said nomi- 
nal pressure p. Once the host computer commands a 
transfer operation, the lid closing the port window is first 
opened. The interface interior space would be protected • 
from contamination thanks the gas stream which in- 
stantly would flow outwardly as a result of the positive 
differential pressure existing therein. However, during 
this step of lid opening, a second pressure P is momen- 
tarily applied to the interface interior space to ensure an 
adequate flow rate V (typically V = 0,4 m/s) of the gas 
stream flowing outwardly. This second pressure or blow- 
er pressure aims to ensure an efficient protective gas 
curtain for still better protection of the interface interior 
space when the lid is being opened. Then, the container 
is pulled by the actuator means towards to opened port 
window. As far as it moves closer and closer, the con- 
tainer door is progressively released and, for the same 
reasons, the enclosed wafer is not contaminated. Like- 
wise, during this step of door release - , the said blower 
pressure P is momentarily applied to the container inte- 
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rior space. As a matter of fact, the gas stream which 
flows outwardly from the container and trom .the port 
zone forms an efficient protective gas curtain which hin- 
ders any ingress of pollutants in the two interior spaces. 
The actuator means moves the container until its access s 
opening is sealably mating against the front lace ol the 
housing, forming thereby an hermetic sealing therewith. 
The O-ring surrounding the access opening mentioned 
above is useful in that respect. This terminates the proc- 
ess of engaging the container. The container now lies "> 
in the active zone and is in the ready state. Because, 
the access opening is mating with the port window, the 
two interior spaces are merged in a common interior 
space maintained at the nominal pressure p, unless 
specific requirements from the processing equipment <5 
suggests otherwise. Finally, the wafer may be then safe- 
ly unloaded from the container and loaded into the 
processing equipment chamber for subsequent treat- 
ment. 

Of course, the reciprocal steps must be undertaken f 
to load the wafer in the container after treatment. The 
process now includes to disengage the container and 
move it from the active zone to the rest zone where It is 
clamped and fed with gas. The transfer IN (unload) and 
transfer OUT (load) operations are thus performed with- 2S 
out any wafer contamination. It can be noticed that dur- 
ing the short duration the container door is opened, only 
a very small gas stream flows over the wafer, because 
the presence of said minute via-holes. In that respect, 
the COAST concept may be considered as still in ac- -*> 
cordance with the base SMIF concept of a still gaseous 
environment. 

• The front face of the novel pressurized interlace ap- 
paratus is provided with means that cooperates with the 
door means for automatic opening thereof. ss 

The novel interface apparatus may be readily 
adapted to the multiple wafer containers mentioned 
above. As a consequence, it can be further adapted to 
the transfer of a wafer between a single wafer container 
and a multiple wafer container and vice versa. w 

The novel pressurized interface apparatus consists 
of a dual section version which includes two identical 
sections to the one described above, now referred to as 
the IN and OUT sections. But, in this case, a container 
transfer device is required therebetween. 4S 

Finally, whichever its version, the novel pressurized 
interface apparatus is adapted to operate with conven- 
tional conveyors under full control of a computer system. 

3. The dispatching apparatus with a gas distribution so 
system 

Still further according to the said COAST concept, 
there is proposed a novel dispatching apparatus with a 
gas distribution system that stores the said pressurized ss 
sealable transportable containers in support stations, in 
particular during the idle period of the wafer processing. 
To that end, ft is adapted to permanently connect the 



containers to the said gas supply installation. Moreover, 
it has an handling function of transferring the containers 
between the said support stations and the conveyors. 

The dispatching apparatus essentially comprises 
two parts: a lower-shaped tubular frame having tubes 
on which support stations or bins are affixed and a 3 
dimension automatic handler including an elevator (for 
the Z or vertical movement) and a handling robot (for 
angular movement and extension in a horizontal plane) 
provided with gripping means adapted to the container 
design. 

It is a major feature of the COAST concept, that 
each of the said support stations be provided with gas 
injector means adapted to said container gas injection 
valve means and connected to the said compressed ul- 
tra pure neutral gas supply installation. 

The dispatching apparatus is structurally adapted 
to be operative with conventional conveyors, and of 
course, is also fully controlled by the said computer sys- 
tem. 

A typical transfer operation reads as follows. For in- 
stance, once the computer system decides to transfer 
a container moving onto a conveyor to a selected sup- 
port station of the dispatching apparatus for storage, the 
automatic handler is first activated to grasp the contain- 
er with its gripping means. Then, the container is ade- 
quately moved in the 3 dimensions to be laid down in 
the said selected support station. It is accurately cen- 
tered and locked therein due to appropriate centering 
and positioning means. Next, the gas injector means are 
inserted in the container gas injection valve means and 
the gripping means are then released. The container in- 
terior space is maintained at said nominal pressure, p. 
The handler is now ready for another transfer operation. 

4. The fully automated and computerized conveyor 
based manufacturing lines 

As apparent from the above, the three disclosed in- 
novative base elements have been specifically de- 
signed for being adapted to operate with conventional 
conveyors under control of a standard computer sys- 
tem, to benefit of the significant advantages that result 
of this type of convenient transportation system. Among 
these, one may cite reliability, simplicity, identification 
data (e.g. bar code) reader adaptability, low cost, and 
easy total mechanical automation. 

Therefore, still further according to the said COAST 
concept, there is provided a plurality of fully automated 
and computerized manufacturing lines that comply with 
the CFM concept in a CIM environment. As mentioned 
above, global automation is one essential feature of the 
COAST concept. These manufacturing lines may be or- 
ganized in a great variety of architectures that all have 
the same outstanding advantages in terms of flexibility 
and modularity. igpM^ 

Typically, the novel dispatching apparatus is adapt- 
ed to operate with conventional conveyors, and in par- 
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ticular is readily associated to the standard by-pass sta- 
tion construction lor transler therebetween. Obviously, 
the dispatching apparatus has a key role to play in the 
said novel manufacturing lines tor an efficient imple- 
mentation of the CFM concept. s 
Said manufacturing line architecture includes: 

a) pressurized scalable transportable containers of 
the type described above, i.e. basically consisting 

of a box-shaped housing provided with an access JO 
opening sealed with releasable door means and 
gas injection valve means enclosing a wafer for 
subsequent treatment in a plurality of processing 
equipments; 

J5 

b) conveyor transportation means; 

c) gas supply installation means comprising a com- 
pressed ultra pure neutral gas supply source and a 
delivery system; 20 

■ d) dispatching apparatus means with a gas distri- 
bution system of the type described above, i.e. ba- 
sically comprising: 

2S 

storage means for storing the containers con- 
sisting of a frame supporting a number of sup- 
port stations or bins each provided with gas in- 
jector means connected to said gas supply in- 
stallation means; 30 

handling means fortransferring said containers 
- between said bins and said conveyor transpor- - 
tation means; 

35 

e) interface apparatus means adapted to receive 
said containers and transfer the wafer enclosed 
therein into one of said processing equipments of 
the type described above i.e. basically comprising: 

40 

container receiving means for receiving (send- 
ing) a container from (to) said conveyor trans- 
. . portation means; 

a pressurized port zone or loadlock chamber is 
with releasable lid means to interface said con- 
tainer receiving means with said processing 
equipment and to that end, including transfer 
robot means for transferring the wafer between 
the container and the processing equipment. so 

actuating/gas feeding means for moving/gas 
supplying the container when placed on the 
container receiving means; 

ss 

f) computer means for overall control of said con- 
veyor transportation means, dispatching apparatus 
means, gas supply installation means, interlace ap- 



paratus means and said processing equipments. 
OBJECTS OF THE INVENTION 

Therefore, it is a primary object ol the present in- 
vention to provide a pressurized sealable transportable 
container provided with an access opening for storing a 
single semiconductor wafer enclosed in an appropriate 
pressurized neutral gaseous environment to prevent 
any ingress of external contaminants. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer, wherein the latter 
can be easily and safely transported and handled. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein the con- 
tainer includes releasable door means provided with 
sealing and locking means for maximum tightness en- 
suring thereby a real autonomy thereof. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer including gas in- 
jection valve means for connection to a compressed 
neutral gas supply installation to maintain said neutral 
gaseous environment under pressure. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein said neu- 
tral gas is ultra pure to avoid any chemical contamina- 
tion. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for_. 
storing a single semiconductor wafer which includes two 
regions: a reservoir in relationship with the said gas in- 
jection valve means and a receptacle separated there- 
from by a drilled inner wall. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein the holes 
of said drilled inner wall are designed for pressure bal- 
ance between the reservoir and the receptacle and for 
further enhanced particulate trapping. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein the pro- 
tective liner and the wafer cassette of the ultimate SMIF 
solution are merged in a holder provided with a transfer 
opening, lodged in said receptacle. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein said hold- 
er includes micro-holes for pressure balance between 
the receptacle and the holder interior space, and for ad- 
ditional particulate trapping. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein the holder 
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is slidably engaged in the receptacle and includes 
minute perforations at the periphery ol its opening for 
an efficient gas curtain generation at the opening of said 
door means. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein said hold- 
er is preferably made of pure Si0 2 (quartz) for easy 
cleaning thereof in view of subsequent re-use. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein said hold- 
er is made of a transparent non- contaminating plastic 
material. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer wherein said hold- 
er is disposable. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer that is adapted for 
direct reading of identification data fixed on the wafer. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer that is adapted to 
contactless reading of data fixed on a label or tag stuck 
thereon. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing only a single semiconductor wafer according to 
the Single Wafer Treatment approach. 

It is another object of the present invention to pro- 
vide suchTi^'ressurized sealabletransportable contain- 
er for storing a plurality of wafers in an appropriate pres- 
surized neutral gaseous environment to prevent any in- 
gress of contaminants. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer whose design is 
adapted for being transported by conventional convey- 
ors. 

It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor wafer which fully com- 
plies with the Continuous Flow Manufacturing concept 
in a Computer Integrated Manufacturing environment. 

■ It is another object of the present invention to pro- 
vide a pressurized sealable transportable container for 
storing a single semiconductor water which is adapted 
to global automation. 

The novel features believed to be characteristic of 
this invention are set forth in the appended claims. The 
invention itself, however, as well as other objects and 
advantages thereof, may best be understood by refer- 
ence to the folbwing detailed description of an illustrat- 
ed preferred embodiment to be read in conjunction with 
the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a schematic perspective view of the 
three base elements according to the COAST concept: 
s the innovative pressurized sealable transportable con- 
tainers, the pressurized interface apparatus and the dis- 
patching apparatus with a gas distribution system once 
integrated wilh a standard intelligent flexible intra-bay/ 
extra-bay conveyor system and a Floor Computer Sys- 
io tern (FCS). 

Fig. 2 comprises Fig. 2A which shows a perspective 
isometric view of the base housing with no hidden lines 
removed detailing its construction structure and Fig. 2B 
which shows a cut-away view of the housing of Fig. 2A 
' s along line a-a. 

Fig. 3 shows a schematic perspective view of the 
cassette-reservoir comprised of the housing of Fig. 2 
provided with a pivoting cover and gas injection valve 
means. 

Fig. 4 comprises Fig. 4A which shows a perspective 
isometric view with no hidden lines removed of a typical 
wafer holder enclosing a wafer and Fig. 4B which shows 
a cutaway view of the holder ot Fig. 4A along line b-b. 

Fig. 5 shows a cut-away view of the lower halves of 
housing of Fig. 2B and wafer holder of Fig. 4B once as- 
sembled all together. . 

Fig. 6 shows the assembly of Fig. 5 but using a wa- 
fer holder of a different design. 

Fig. 7 shows a schematic exploded perspective 
view nf the cassette reservoir and holder assembly to 
result in the container of the COAST concept further in- 
cluding some optional components. 
' "" Fig. 8 comprises Fig.-BA which shows the cassette 
reservoir of Fig. 3 and Fig. BB which shows the holder 
of Fig. 4 when both adapted to receive a plurality of wa- 
fers. 

Fig. 9 comprises Fig. 9 A which shows a typical com- 
mercially available wafer cassette and Fig. 9B which 
shows the cassette reservoir of Fig. 3 when adapted to 
receive such a cassette. 

Fig. 10 shows a schematic exploded perspective 
view of the different parts composing the pressurized 
interface apparatus of the COAST concept, in a typical 
dual section version. 

Fig. 1 1 shows a schematic perspective view of the 
pressurized interface apparatus of Fig. 1 0 once the said 
different parts have been assembled. 

Figs. 1 2 A to 1 20 show schematic perspective views 
of the pressurized interface apparatus during the vari- 
ous operating steps of the wafer transfer (loading/un- 
loading) operations detailing thereby the sequence of 
the wafer movements. . 

Fig. 1 3 shows a variant of the pressurized interface 
apparatus of Fig. 11 once adapted to transfer a wafer 
ss from a single wafer container to a multiple waler con- 
tainer. 

Fig. 14 shows a schematic perspective view of a 
tower-shaped implementation ot the dispatching appa- 
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ratus according to Ihe COAST concept. 

Fig. 1 5 shows the preferred embodiment ol the han- 
dling robot which is an essential part of the apparatus 
of Fig. 14. 

Figs. 16 and 17 show two variants of the handling 
robot of Fig. 15. 

Fig. 1 8 shows a wall-shaped variant of the dispatch- 
. ing apparatus of Fig. 14. 

Fig. 19 schematically shows a first embodiment of 
a fully automated and computerized conveyor based 
manufacturing line architecture according to the COAST 
concept. 

Fig. 20 schematically shows a variant of Ihe manu- 
facturing line architecture of Fig. 19. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

INTRODUCTION 

Fig. 1 shows a schematic perspective view of a par- 
tial installation dedicated to a determined process area 
10, illustrating the three base elements of the COAST 
concept: the innovative container, the pressurized inter- 
face apparatus and the dispatching apparatus. A plural- 
ity of containers 100, two interface apparatus 200, and 
one dispatching apparatus 300 have been illustrated in 
Fig. 1. A flexible intra-bay belt conveyor system 401 en- 
sures container transportation to and from processing 
equipments 500 (they can be different) within said proc- 
ess area iO. Conventionai computer system 600 com- 
prises a general purpose host computer or work station 
601 j a Local Area Network (LAN) 602 and a micro-con- 
troiler 603 dedicated to this process area 1 0 for overall 
operation control. Such a computer system 600 may be 
referred to as the Floor Computer System (FCS). The 
micro-controller 603 interfaces with local intelligence 
distributed in the processing equipments, the dispatch- 
ing system 300, ... etc. In the following description, the 
leading role is assigned to the host computer 601 , how- 
ever it must be understood that some intelligence is del- 
egated to the micro-controller 603. A plurality of bar 
code readers generically referenced 604 have also 
been represented in Fig. 1. Finally, a gas supply instal- 
lation 700 including a compressed ultra pure neutral gas 
supply source referenced 701 and a delivery block 702 
comprising manifold 703, a network of high quality stain- 
less pipes with electropolish interior surface finish, and 
an adequate number ol electro-valves and pressure 
regulators/controllers for controlled gas flow delivery is 
also illustrated in Fig. 1 . Outlets 704 allow delivery of 
three pressure values: 0, p, and P, while outlets 705 al- 
low only two pressure values 0 and p. These values will 
be explicated later. Usage of ultra pure neutral gas to- 
tally avoids wafer chemical contamination. Note that, for 
sake ol simplicity, the gas supply distribution network 
and the electrical wire network that are required for said 
overall operation control have not been represented in 



Fig. 1. As such, Fig. 1 may be considered showing a 
partial schematic view of a fully automated and compu- 
terized conveyor based manufacturing line, typically for 
semiconductor wafer processing. In addition, for servic- 

5 ing process area 1 0, an extra-bay conveyor 402 with its 
by-pass station 402A is added. Conveyors 401 and 402 
are intra-bay and extra-bay elements of a conveyor 
transportation system 400. 

Optionally, the interface apparatus 200, Ihe intra- 

10 bay conveyor 401 and the processing equipments 500 
may be fitted in umbrella 11 for coarse dust protection. 
Note also, that a portable additional active umbrella may 
be used atop a processing equipment when it is required 
to open the chamber for maintenance or set-up adjust- 

'5 ments purposes. The active umbrella produces the con- 
ditions adequate for a clean environment within said 
chamber. 

In the COAST concept , the container first includes 
a box-shaped housing provided with an opening on the 

2" front face whose access is controlled by a pivoting cover 
which, al rest, applies firmly against it for hermetic seal- 
ing. It further includes gas injection valve means to be 
connected to the compressed ultra-pure neutral gas 
supply installation, defining thereby a pressurized inte- 

25 rior space therein. As such, the housing will be referred 
to as the cassette reservoir. The cassette reservoir in- 
cludes a drilled inner wall that demarcates two regions: 
a first region connected to said gas injection valve 
means to form the reservoir properly said and a second 

so region or receptacle adapted to recerve a holder. The 
roie oi the drilled inner wall is to permit easy gas circu- 
lation and communication between the reservoir and the 
receptacle. The wafer holder is an enclosure provided 
with a transfer opening on its front face defining thereby 
an interior space. The wafer is inserted in the said holder 
interior space through the said transfer opening where 
it is maintained by support means. The wafer holder rear 
lace is provided with minute via-holes so that the wafer 
enclosed therein is surrounded by a gaseous environ- 

io ment of said neutral gas having a positive differential 
pressure with respect to the external ambient. The con- 
tainer interior space has a static nominal pressure p 
higher than the outside ambient pressure, e.g. the at- 
mospheric pressure. Typically, the nominal pressure p 

is is approximately 5000 Pa above the pressure of the out- 
side ambient. A perforated rim encompasses the trans- 
fer opening and creates a protective gas curtain at the 
container pivoting cover opening. 

The pressurized interlace apparatus basically com- 

^o prises two identical input (IN) and output (OUT) sections 
for increased throughput. The IN section first comprises 
a container receiving zone for receiving the container 
including a rest zone and an active zone. In th e rest zone 
the container is firmly secured and connected to an out- 

ss let 704 of said gas supply installation 700 so long as it 
remains in the waiting state to maintain said nominal 
pressure mentioned above. It further comprises a port 
zone consisting of a housing provided with a port win- 
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dow closed by a port lid on the side lacing the container 
and a communication gate in direct relationship with the 
chamber of a processing equipment on the opposite 
side. A transler robot mounted in the port zone interior 
space permits the transfer ol the wafer between the con- s 
tainer and the input port (pre-process station) of the 
processing equipment. A similar construction applies to 
the OUT section. In a typical embodiment, the IN and 
OUT sections have a common interior space. The com- 
mon interior space is pressurized eithervia gas injection 10 
valve means connected to the said ultra pure neutral gas 
supply installation or by the chamber ambient if ade- 
quate. A container transfer device moves the empty 
container between the rest zones of the IN and OUT 
sections. The IN section is used to transfer a wafer from is 
the container into the processing equipment through the 
port zone. The OUT section is used for the reverse 
movement. 

The dispatching apparatus with a gas distribution 
system first comprises means for handling and storing 2" 
the containers. To that end, it includes an automatic han- 
dler comprising an elevator fixed on a rotating head and 
a handling robot provided with gripping means to grasp 
the containers. It further includes support means affixed 
to a tower-shaped frame of a vertical stocker to support & 
the containers during storage. According to the COAST 
concept, said support means are provided with gas in- 
jector means, so that during the periods the containers 
are stored, a permanent connection with the said ultra- 
pure neutral gas supply installation 700 is secured. 3" 

. The conveyor transport system includes conven- 
tional flexible belt conveyors designed with standard by- 
pass stations at the close proximity of said interface and 
dispatching apparatus. 

Now turning again to Fig. 1 , there-is illustrated one 35 
pressurized sealable transportable container refer- 
enced 1 00 being transported by intra-bay conveyor 401 
and a plurality of others stored in the dispatching appa- 
ratus 300. The role of the latter is therefore to store a 
multiplicity of containers 100 during the processing idle 40 
times (if any), i.e. the periods where a wafer languishes 
idle between two successive processing steps e.g. 
when the appropriate processing equipment 500 is not 
immediately available. 

According to the COAST concept, dispatching ap- is 
paratus 300 has the key role of regulating the container 
continuous flow during wafer processing. The dispatch-, 
ing apparatus 300 basically comprises an automatic 
handler 301 and a vertical stocker 302. As a matter of 
fact, in full accordance with the principles of the COAST so 
concept, the vertical stocker 302 is adapted to the con- 
tainer design, and in particular it allows direct connec- 
tion thereof to the said ultra-pure neutral gas supply in- 
stallation 700. The gas injection valve means of each 
container 1 00 stored in the stocker, is permanently con- ss 
nected to an outlet 705 for gas rejuvenation. The auto- 
matic handler 301 basically comprises a handling robot 
having an extending arm provided with gripping means. 




The handling robot is affixed on an elevator for vertical 
movement and is able to rotate. The vertical stocker 
comprises a tower-shaped frame having tubes support- 
ing a plurality of support stations or bins, each being pro- 
vided with gas injector means connected to said gas 

• supply installation 700. As a result, during the process- 
ing idle times mentioned above, an adequate pressure 
of said neutral gas is maintained in the interior space of 
the container enclosing the wafer to be processed. The 
host computer 601 , according to the information stored 
therein, decides which container 1 00 is to be transferred 
and which specific processing equipment 500 is to re- 
ceive it, depending on urgency of processing and avail- 
ability of equipments. Upon host computer control, dis- 
patching apparatus 300 transfers the specified contain- 
er 100 from stocker 302, to the input/output port of by- 
pass station 401 A ol intra-bay flexible conveyor 401 
thanks to the handling robot Conveyors 401 and 402 
are conventional flexible air track or belt conveyors, 
such as for example, models JETSTREAM or CAR- 
RYUNE, that are commercially available from NEU 
TRANS SYSTEM, Marcy en Bareuif France. Any other 
type of conveyors may be used as well. Such conveyors 
are well adapted to be fully automated under computer 
control, and as such, are often referred to as intelligent 
conveyors. Two different types of by-pass stations have 
been illustrated in Fig. 1. For example, by-pass station 
401 A comprises a single input/output port formed by an 
indentation in the central portion thereof, while by-pass 
station 401 B consists of two separate input and output 
ports. Necessary container direction changes result 
from adaptation of a number of levers, piston,- independ- 
ently controlled secondary belts,, that are not shown 

in Fig. 1 , but are trivial for the man skilled in the art. Lo- 
cation and processing stage of any container, and there- 
fore the condition of the corresponding wafer enclosed 
therein, has to be permanently determined under the 
control of the host computer 601. This can be simply 
achieved thanks, for instance, to a label bearing a bar 

' code that is stuck on a face of the container 1 00, in com- 
bination with the bar code readers mentioned above, 
that are judiciously located along the conveyors. Any 
other type of contactless identification systems would 

' be appropriate as well. For instance, the full automatic 
follow-up system referenced 0F73/EOR71, available 
from BALOGH SA 75010 Paris, France. 

A typical dispatching apparatus operation reads as 
follows. Let us assume that, within the flux of incoming 
containers 100 transported by the main belt conveyor 
402 in the direction of arrow 12, the host computer 601 
decides totranster a specified container 100 into the by- 
pass station 402A. When this container reaches the in- 
put port ol by-pass station 402A, a tilt lever or a piston 
(not shown) pushes this container therein and the con- 
tainer is moved by the secondary belt of by-pass station 
402A, until it reaches the central input/output port zone 
thereof where a lever stops it. Next, the handling robot 
of handler 301 grasps the container and places it in an 
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unoccupied support station of the vertical stocker 302. 
It is immediately connected lo the said gas supply in- 
stallation via said gas injector means. 

Assuming now this, container 100 stored in vertical 
stocker 302 has to be processed in a processing equip- 
ment 500 through corresponding interface apparatus 
200. The container is first released from the said gas 
injector means. Then, the handling robot sizes it and 
moves it in the central input/output port zone of by-pass 
station 401 A of intra-bay conveyor 401 where it is laid 
down. Next, a lever (not shown) pushes the container 
100 towards the main belt of conveyor 401. The con- 
tainer is then transported in the direction given by arrows 
13 (as illustrated by one container 100 in Fig. 1) until it 
reaches the input port of by-pass station 401 B in front 
of the corresponding interlace apparatus 200. The con- 
tainer is then pushed into said input port still using a tilt 
lever (not shown), then moved towards the IN section 
rest zone of pressurized interface apparatus 200. As far 
as the container arrives in the IN section rest zone of 
interface apparatus 200, it is gripped by a pair of con- 
trolled clamping actuator devices, and simultaneously 
. connected to an outlet 704 of said ultra-pure neutral gas 
supply installation 700. The container remains in the rest 
zone of the IN section until processing equipment 500 
is available under host computer control. During this pe- 
riod, the nominal pressure p is maintained within the 
container interior space. In normal operating conditions, 
the waiting time in the said rest zone is quite limited. 
Following host computer request, the container is 
moved towards the IN sectbn port zone. The interlace 
apparatus port lid is first raised and, at the end of the 
movement, the pivoting cover of the container (which is 
U-shaped) is opened and the lateral sides of the cover 
are slidably engaged into slots formed in the interface 
apparatus housing. During this step, the blower pres- 
sure.P is momentarily and successively applied to the 
two interior spaces to generate an efficient gas curtain 
to prevent any intrusion of contaminants therein. At the 
end of this step, the container access opening is her- 
metically applied to the IN section port window for an 
hermetic seal therebetween, ensuring thereby a total 
continuity between the two internal spaces. According 
to COAST concept, because internal space of the con- 
tainer and the one of the interface apparatus are both 
pressurized, no external contamination may affect the 
wafer during this whole preliminary step. When desired, 
the wafer is unloaded from the container by the transfer 
robot and transferred to the processing equipment 500, 
typically to the pre-process (or loading) station thereof, 
then treated in the processing equipment chamber. At 
the end of the processing, the wafer is available in the 
post-process (or unloading) station of the processing 
equipment 500, then transferred again in the port zone 
of the interface apparatus for subsequent loading in the 
container. During wafer processing, the empty container 
is transferred from the IN section to the OUT section. 
The same procedure as described above is employed 
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thanks to a second pair of controlled clamping actuator 
devices until the container is applied against the OUT 
section port window, still forming an hermetic closure 
therewith. Another transfer robot picks up the wafer from 
s the processing equipment post-process station, and 
transfers it into the container. Now the said second pair 
of controlled clamping actuator devices move back the 
container to the rest zone of the OUT section still without 
' breaking the gas isolation for the same reasons as men- 
io tioned above. The port lid is closed, in turn, the container 
pivoting cover (due to drawback springs) is automatical- 
ly closed, and further locked, hermetically sealing there- 
by the container interior space. The wafer enclosed 
therein is again encompassed by a pressurized protec- 
ts tive gaseous environment. Finally, upon request made 
by the host computer 601 , container 1 00 is moved back 
to the output port of by-pass station 401 B and pushed 
onto conveyor 401 for further processing or for being 
stocked again in vertical stocker 302. 

20 

THE CONTAINERS 

Single wafer containers (SWC) 

25 Description of the preferred embodiment of the 
pressurized sealable transportable container of the 
COAST concept will be made in the single wafer appli- 
cation context in conjunction with Figs. 2 to 7. 

Fig. 2 comprises Figs. 2A and 2B. Fig. 2A is an iso- 

30 metric view with no hidden lines removed of the base 
component of container 100 referred to as frame 101 
which details its construction. Fig. 2B shows frame 101 
— - of Fig. 2A in a cutaway view along line aa to-illustrate 
the lower half thereof. 

35 NowtumingtoFig. 2, frame 101 essentially consists 
of a substantially parallelepipedic or box-shaped hous- 
ing 102 with bottom, top and four lateral faces including 
front and rear faces, fabricated for instance in a molded 
plastic material to form a solid part which can be integral 

to ■ or not. Housing 102, defines an interior space 103 (not 
illustrated) with a slot-shaped access opening 104 on 
the front face and an aperture 1 05 (wherein a highly ef- 
ficient filter and a quick seal connect gas injection valve 
are to be subsequently inserted) on a lateral lace. Ac- 

4S cess opening size and shape are determined by the 
workpiece to be processed. Preferably, housing 102 is 
provided with a drilled inner wall 106 which laterally de- 
fines two regions within said internal space 103. Inner 
wall 106 has holes 107 made therein. Number, location, 

so and size thereof are still defined according to the work- 
piece to be processed pursuant to rules detailed here- 
after. Role of holes 107 is to ensure adequate gas flow 
circulation between reservoir 103A and receptacle 
1 03B. Fig. 2 shows a typical design with two 1 cm diam- 

ss eter holes close lo the middle of the inner wall lateral 
sides, deemed to be appropriate for a 20 cm diameter 
silicon wafer application. First region 103A, adjacent to 
aperture 105, delineates the reservoir properly said. 
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Second region 1036, accessible through access open- 
ing 104, will be the receptacle to lodge the wafer or pref- 
erably a wafer holder. There is a number of advantages 
to use the wafer holder of the COAST concept as it will 
be explained later. The internal face of the housing bot- s 
torn is provided with wafer holder positioning supports 
referenced 108a, b and c. Likewise, the internal face of 
the housing top is provided with corresponding supports 
referenced 108a', b' and c'. Within region 103B, inner 
wall 106 is provided with wafer holder positioning stop- 
pers referenced 109a, bandcandfurther includes wafer 
holder clamping devices 110a and b on the two opposite 
lateral sides of inner wall 10S at the vicinity of access 
opening 104. Each housing external lateral side is pro- 
vided with a blind hole to allow frame 101 to be firmly '* 
gripped by a retractable finger mounted on an actuator 
device. As shown in Fig. 2, preferably blind hole 111 A 
is made in a recess 112A. Similar construction applies 
to the other lateral side with blind hole 11 1 B made in 
recess 11 2B. A metal insert may be inserted in blind 2° 
holes 1 1 2A and B to limit wear. Once retractable fingers 
have been engaged in corresponding blind holes 111 A 
and 11 1B, frame 101 may be safely and accurately 
moved. Recess profile can be designed so that the re- 
cess may be used as a handle for easy hand manipula- & 
tion'or to receive a clip for assembling two (or more), 
frames. Housing 102 has different external positioning/ 
centering means along the three X, Y and Z axes. First 
of all, as illustrated in Fig. 2, the external face of housing 

and B crossing its entire surface. Reciprocally, the ex- 
ternal face of the housing top is correspondingly provid- 
ed with two rail-"shap¥d positioning guides 114A and 3. 
Moreover, the external face of the housing bottom is pro- 
vided with two centering holes 11 5A and B that are use- ss 
fol either for moving the frame or for its accurate posi- 
tioning/centering, for instance, in the support station of 
the stocker 302 whose bottom is typically provided with " 
corresponding centering pins or buttons. Moreover, 
when the said buttons are properly engaged in said *o 
holes, the container 100 is perfectly and securely posi- 
tioned. The external face of the housing top is also pro- 
vided with corresponding centering pins 1 1 6 A and B, de- 
signed to allow easy stacking of frame 101 and an ac- 
curate positioning with respect to the handling robot of +5 
automatic handler 301. Optionally, on its rear face, 
housing 1 02 includes an aperture 1 1 7 to receive an ob- 
servation plug for monitoring or for visual inspection as 
explained below. Housing 102 is designed to receive 
door means (not shown) to close hermetically access so 
opening 104. In the described preferred embodiment, 
as illustrated later, said door means is typically a pivoting 
cover. To that end, housing 102 has bored elements 
118A and B adapted to receive the pivots of the said 
pivoting cover and drawback springs for housing her- ss 
metic closure (note that, the housing bottom has corre- 
sponding recesses 119Aand B still for stacking purpos- 
es). Optionally, housing 102 is further provided with two 



cover locking dimples 120A and B to ensure total lock- 
up when the pivoting cover will be applied against ac- 
cess opening 1 04 for sealing, as it will be described later. 
Obviously, the pivoting cover must not be released even 
in case the container is submitted to shocks or vibrations 
during transportation. The drawback springs mentioned 
above are designed to fulfill this objective. Housing 102 
may be constructed in a single molded part to be integral 
or assembled by different constitutive parts using stand- 
ard bonding or fastening techniques. Simple internal 
construction with minimum asperities is recommended 
to facilitate its cleaning. 

The detailed construction ol a portion A of housing 
102 at the vicinity of opening 104 is shown in the en- 
larged view of Fig. 2. The front face of housing 102 in- 
cludes a flange 1 21 , whose role will be described later 
in conjunction with Fig. 4. Finally, an O-ring 122 is 
mounted in a groove at the periphery of opening 1 04 to 
cooperate with the pivoting cover (and the front face of 
the interface apparatus housing as explained later on) 
to make an hermetic seal therewith. Other sealing 
means such as the VATON seal sold by VAT Inc. which 
is directly vulcanized onto the sealing plate, for instance, 
the housing front face, has outstanding qualities in terms 
of tightness, cleanliness and lasting. Alternatively, the 
O-ring may be mounted at the periphery of the housing 
front face. This terminates the description of frame 101 
which comprises housing 1 02 provided with O-ring 1 22. 

Fig. 3 shows the cassette reservoir 1 23 still accord- 
ing to the said first preferred embodiment It includes 
frame 101 as described above, to which an appropriate 
releasable door means is adapted. Still according to this 
'preferred embodiment, said door means'is an essential 
part of the cassette reservoir 123. Said door means is 
for closing the access opening 104 and sealing the cav- 
ity or housing interior space from the outside ambient 
for isolation therewith. Typically, pivoting cover 1 24 is U- 
shaped with lateral sides 124 A and B and front pan 
124C. Lateral side 124A is provided with a hole 125A 
which cooperates with bored element 11 8A and pin 
1 26A or the like. Similar construction applies to lateral 
side 1 24B in that respect to make cover 1 24 fully pivot- 
able as a result ol that pivot assembly As it will be illus- 
trated later on, the U-shaped cover 1 24 will play the rale 
of a tunnel once it is set horizontal, i.e. when it approach- 
es the interface port window. The pivot assembly further 
comprises a drawback spring (not shown) associated to 
each pin 126A and B so that cover front face 124C is 
normally firmly applied against O-ring 122 for hermetic 
sealing. Optionally, lateral side 124Balso includes a ball 
detenting device 1 27B formed in a recess thereof which 
cooperates with dimple 1 20B on the lateral side of hous- 
ing 102 for improved locking-up once cover 1 24 is firmly 
secured against opening 104 due to the closing action 
of Ihe drawback springs mentioned above. Same con- 
struction applies to lateral side 124A. Each lateral side, 
e.g. 124B, is provided with a roller bearing, e.g. 128B, 
which will be used to automatically lift up the cover 124 
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when container 100 is applied against the front face of 
the interlace port housing. Cassette reservoir 123 fur- 
ther includes as a second essential part of its construc- 
tion, gas injection valve means 129 comprising quick 
connect seal plug 129A (including a non return valve) 
and a high efficiency filter 129B forming an assembly 
lodged in aperture 105. The quick connect seal and the 
high efficiency filter are respectively available from the 
LEE COMPAMY SA Versailles, France and from MILL- 
IPORE Corp. or PALL Corp. Because, ultra pure neutral 
gas is delivered from a source that is quality certified by 
the gas manufacturer, no wafer chemical contamination 
can occur. The role of the filter 1 29B is to trap undesired 
particles, for instance, metallic particles, that could be 
generated when an injector is inserted in the quick con- 
nect seal. In summary, cassette reservoir 123 must be 
understood as the frame 1 01 provided with pivoting cov- 
er 124 and gas injection valve means 129. 

Details of the wafer holder construction will now be 
illustrated in conjunction with Fig. 4 comprised of Figs. 
4A and 4B. Fig. 4A shows the isometric view with no 
hidden lines removed of the wafer holder having a sili- 
con wafer enclosed therein still pursuant to the said first 
preferred embodiment. Fig. 4B shows a cut-away view 
of the wafer holder of Fig. 4A along line bb to illustrate 
the lower half thereof. Although theoretically not man- 
datory (e.g. it is not a requisite if the workpiece is a ce- 
ramic substrate) usage of a wafer holder is highly rec- 
ommended, at least in all advanced semiconductor ap- 
plications. 

Now referring to Fig. 4, wafer holder 130 essentially 
consists of a casing 131 provided with a slot-shaped 
transfer open ing_132JpLwaferjnsertion/extraction..Cas-„ 
ing general shape is designed to broadly fit the recep- 
tacle region 103B as defined in the interior space of 
housing 102 by inner wall 106 (Fig. 2). The rear part ot 
casing 131 which is opposite to transfer opening 132 is 
provided with minute via-holes 1 33 for gas communica- 
tion between receptacle 103B and interior space 1 34 of 
casing 1 31 . Via-holes 1 33 are so designed to cooperate 
with holes 107 (Fig. 2) to render negligible the likelihood 
of wafer contamination by particulates not filtered in the 
high efficiency filter 129Bas explained later in more de- 
tails. The external upper and lower faces of casing 131 
comprise each three pads 135a, b and c and 135a', b', 
c'. Pads 135 cooperate with their respective supports 
108 of housing 102 to ensure casing excellent and ac- 
curate fitting inside the cassette reservoir receptacle 
103B (Fig. 2). 

Casing 131 also includes stoppers 136a, b and c 
which cooperate with respective stoppers 109a, b and 
c of housing 102 for precise centering of holder 1 30 into 
receptacle 103B of cassette reservoir 123. Stopper 
1 09c and 1 36care also designed for accurate fitting and 
to create a small gap between the drilled inner wall 106 
and the rear and lateral walls of casing 131 lor gas cir- 
culation therebetween depending on casing contour . 
As illustrated in Fig. 4A, the internal lateral lace of casing 
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131 is provided with two soft swiveling pads 137a and 
b. Note thai swiveling pad 137c represented in Fig. 4A 
is in reality affixed on the back face of cover front side 
1 24C (see reference 1 37C in dotted line in Fig. 3). They 
s all have a limited moving flexibility to facilitate wafer in- 
sertion in casing 1 31 and extraction thereof, as well. The 
swivelling pads 137 have a typical V-shaped profile to 
receive the silicon wafer 1 38. As mentioned above, they 
are fixed to allow a certain flexibility for example, by a 

10 piece of an elastic material. In particular, the use ol this 
elastic tic material to fix swiveling pad 137c on internal 
face of cover 124C is recommended because it im- 
proves the secureness of wafer 138 when cover 124 is 
closed. Support pads 1 39 a, b and c are required for soft 

'5 wafer support. Swiveling pads and support pads coop- 
erate to impede detrimental particulate generation ef- 
fects due to shocks and vibrations during the handling 
and transportation of containers. The swiveling pads 
137 can be advantageously made from TEFLON (a 

2" trademark of Du Pont) Support pads 139 are molded 
with the casing body. The swiveling pads are designed 
to contact the wafer surface only at the periphery of its 
edge so that the functional chips are not impacted in 
case of shocks. As a result, the wafer 1 38 is firmly se- 

25 cured unlike the prior base SMIF solutions. Support 
pads are in contact with the wafer backside surface. 
Note that other support pad configurations may be de- 
signed as well. Lateral side of casing 131 also includes 
two resilient tabs 140a and b that engage in clamping 

30 devices 1 1 0a and b of housing 1 02 (Fig. 2) to accurately 
lock the casing 131 into receptacle 1 03B. Tabs 1 40a and 
b are each provided with an ear, so that the wafer holder 

___1 30 Js. extracted from the cassette.reservoirJI 23 at the 
termination of the wafer processing, by using a declip- 

3S ping gripper introduced thru transfer opening 132. On 
the casing front side, a rim 141 is provided with a plu- 
rality of perforations 142 arranged at the periphery of 
transfer opening 1 32, whose role will be explained later. 
Typical diameter of perforations 142 is approximately in 

4" the 1-5 mm range. 

Typically, the casing 131 is made from a non con- 
taminating plastic. Non contaminating materials include, 
thermoplastics, examples of which are vinyl, acrylic or 
fluoroplastic. Thermoplastics can be conformed by well- 

< s known techniques into relatively thin or thicktransparent 
films. A fluoroplastic is a generic name for polyletraflu- 
o'rethylene and its copolymers. One such well known 
fluoroplastic is TEFLON (a trade mark of du Pont). It can 
be constructed by a single injected piece or by assem- 

50 bling the two upper and lower halves ol casing 1 31 either 
by gluing or bonding. Due to its simple construction, cas- 
ing 131 can be efficiently and readily cleaned. However, 
it may be desirable to have it disposable, i.e. thrown 
away after each full processing cycle or even in the 

55 course thereof if so required. Casing 131 can also be 
made of pure SiC^ or quartz. In the latter case, because 
casing 1 31 is more expensive and difficult to built, it may 
be desirable to have it thoroughly cleaned before being 
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re-used. Other materials such as stainless steel could 
be contemplated as well, but would require obvious con- 
struction adaptation. 

To make clear how the rim 141 mates with flange 
1 21 , the details ot the casing 1 31 and rim 1 41 are shown 
in the enlarged view of Fig. 4. Opening 132 is in fact 
comprised by the juxtaposition of two sub-openings: 
132A for sl'idabty engaging the wafer 138 h the wafer 
holder and 1 32B where a vacuum operated gripper will 
be inserted therein to slightly lift up the wafer and hold 
it before it is extracted (reciprocal movement for inser- 
tion). When holder 1 30 is slidably engaged in access 
opening 104, thB rear face of perforated rim 141 is lat- 
erally moved until it applies against flange 121 (see Fig. 
2) for excellent peripheral mating. 

As illustrated in Fig. 5. once the wafer holder 130 
has been inserted in the cassette reservoir receptacle 
103B, the remaining interior space, defines a volume 
which fully surrounds the wafer holder, not only on its 
rear and lateral faces (as apparent from Fig. 5) but also 
above and under it due to the presence of supports 108 
arid 135. This remaining interior space will be referred 
to as the internal chamber 1 03'B which essentially com- 
municates with the outside ambient thru said perfora- 
tions 142 (when said pivoting cover 124 is opened). 

Fig. 6 shows the assembly of Fig. 5 wherein a wafer 
holder 1 30 having a different contour design has been 
illustrated. The difference only lies in the profile or con- 
tour of the holder casing which does not exhibit any long- 
er the typical protruded rear lacs profil? of the Fig. 4 
wafer holder. 

Fig. 7 first illustrates the cassette reservoir 123 of 
Fig. 3 (with' pivoting coverl 24 partially removed to per-* 
mit access opening 104 to be visualized) and wafer 
holder 130 enclosing a wafer 138. Fig. 7 further illus- 
trates some other elements that can be fitted to the cas- 
sette reservoir 123, for improved operation thereof. 
Container 100 is thus basically comprised of cassette 
. reservoir 123 and holder 130. Optionally, cassette res- 
ervoir 1 23 can include upper and lower protective shells 
143 and 144. Because the preferred material for frame 
101 is plastic as mentioned above, due to the many han- 
dling and sliding operations during the transport ol the 
container on the conveyors, the cassette reservoir may 
wear prematurely. These shells 143 and 144 are made 
of a hard and stout material, such as stainless steel, to 
protect the cassette reservoir during all said handling/ 
transportation steps. For closely fitting, upper shell 143 
is correspondingly provided with rail-shaped positioning 
guides 1 45A and B and with centering buttons 1 46A and 
B fitting with corresponding buttons 116A and B (note 
that in this case, guides 114A and B and pins 116Aand 
B). The flanges of shell 143 have protruding members 
1 43A and B designed (or clipping in recesses 11 2A and 
B. Similar construction applies to the lower shell 144, 
where corresponding grooves 147A and B may be no- 
ticed. It further includes two centering holes (not shown) 
corresponding to holes 11 5A and B (see Fig. 2). Thanks 
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to clipping, upper and lower anti-wear shells 143 and 
144 firmly apply against top and bottom external faces 
of cassette reservoir 123 lor excellent protection there- 
of, while still allowing the stacking capabilities men- 

s tioned above. 

In addition, a label or bar code tag 1 48 is affixed on 
the rear face of cassette reservoir 123 for identifying the 
container by the host computer of the Floor Control Sys- 
tem in case of there is no direct water identification data 

10 reading. The container is transported to various loca-' 
tions where processing operations are performed. For 
example, atypical remote recognition system for moni- 
toring the progress ol the container enclosing the sem- 
iconductor wafer through a series of processing steps 

is is based on bar code recognition technology. Each con- 
tainer' is provided with an optically visible bar code tag 
coded to be responsive to within reading range of a bar 
code reader unit. A reader unit transmits a modulated 
light beam signal to the coded bar code tag, then reads 

20 and decodes the light beam reflected back which is col- 
lected by an optbal receiver to uniquely and permanent- 
ly identify the container. As illustrated in Fig. 1 , reader 
units of this type generically referenced 604, are judi- 
ciously disposed at appropriate locations of the convey- 

25 or system 400. As a result, information generated from 
the reader units permits monitoring the progress of each 
semiconductor wafer through the multiple processing 
equipments by the host computer. Commercially avail- 
able bar code tag substrates of anodized aluminum, 

30 stainless steel, polyimide synthetic resin such as KAP- 
TON; perfluorinated synthetic resins such as TEFLON, 
polyester synthetic resin and ceramic, are adequate in 
all respects. However, other contactless-wafer_data 
identification systems, for instance based on infra-red 

3S signals or the like could be envisioned as well. 

A significant advantage of the disclosed single wa- 
fer container design, is the exhaustive follow-up of each 
wafer, and thus of the chips resulting therefrom, not only 
during processing but also after fabrication including in 

40 the field once the chips have been packaged in a sys- 
tem. An excellent knowledge ol the wafer history allows 
to construct a data base useful for statistics 'mainte- 
nance or feedback corrective actions lor reliability im- 
provement. Note thai to date, some data are already 

45 written onto the chip backside (identifying the manufac- 
turing periods, the references of equipments, ...). This 
trend will surely continue if nol significantly increase in 
the future for example for ultra dense microprocessors. 
As a matter of (act, direct waler reading may be- 

50 come important in the future of silicon wafer manufac- 
turing when very personalized treatment are conducted. 
One can readily imagine that some typical process pa- 
rameters will be written directly onto the wafer to be tak- 
en in consideration in the subsequent processing steps 

55 or even after chip fabrication, e.g. in the field (or main- 
tenance. To that end, if some constituents ot the cas- 
sette reservoir, i.e. frame 101 , holder 130 and/or shells 
143 and 144, are made Irom an opaque material such 
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as stainless steel, a transparent window may be adapt- 
ed thereto for direct water identification data reading. 

If necessary, an observation plug 1 49, tuned on one 
or several specific internal gas parameters can be in- 
serted in optional aperture 117 of frame 101 (Fig. 2). Vis- s 
ual monitoring of some parameters such as humidity, 
temperature, purity, ... of the gas enclosed in reservoir 
103A by an operator may be required in some cases/ 
applications. Finally, resilient clips 150A and B may be 
inserted in said recesses 112A and B respectively on io 
each housing lateral face, to interlock two containers. A 
number of containers can be easily piled-up for handling 
or transportation. 

In Fig. 7, cassette reservoir 1 23 is represented with 
pivoting cover 124 in a semi-open position, out ol his is 
lodgment, and the wafer holder 130 partially enclosing 
a wafer 138 not fully inserted in the cassette reservoir 
forsake of illustration. Once holder 130 fully enclosing 
wafer 1 38 is totally inserted in receptacle 1 03B and cov- 
er 124 closed for hermetic sealing, container 100 may so 
be transported or stored. It may be transported either 
manually by an operator or automatically, for instance 
by the intelligent flexible conveyor 400 or stored in a dis- 
patching apparatus 300, as explicated above by refer- 
ence to Fig. 1. 25 

In essence, the major characteristic of container 
100 is to permanently maintain its interior space 103 
containing the wafer holder 130 (enclosing a wafer or 
not) under pressure and, except short periods of trans- 
portation, to be systematically connected to the com- 30 
pressed ultra pure neutral gas supply installation 700 for 
maximum safety. An ultra-pure neutral gas, such as N2, 
Ar. He, ....is introduced therein in a conventional.way by„ 
inserting a gas injector (connected to the said gas sup- 
ply installation) in the quick connect seal plug 1 29A (see 3S 
Fig. 3). As explained b.elow, the gas injector will be a 
retractable nozzle adapted to said gas injection means. 
N2 is the preferred gas because of its low cost. The 
ULPD (Ultra Low Particulate Design) gas cabinet sys- 
tem sold by Al RCO is a valuable contender for gas sup- 4" 
ply installation 700. 

With pivoting cover 124 closed, when the com- 
pressed neutral gas is injected through said gas injec- 
tion valve means, the gas is first filtered in high efficiency 
filter 1 29B before being introduced in the interior space « 
of container 100 to fill the reservoir 1 03A. Then, it pass- 
es in receptacle 103B through holes 107 and fills the 
said remaining space 103'B. Typically, hole size diame- 
ter ranges from 2 to 1 0 mm. Within container 1 00, wafer 
holder 1 30 is fully surrounded by the gas. The gas pass- so 
ingfrom reservoir 103A into chamber 103'B results in a 
first baffling effect for trapping incoming particulates that 
could remain. Next, it finally fills the interior space 134 
of casing 1 31 in passing through via-holes 1 33. This al- 
so produces a second baffling effect, very efficient be- ss 
cause holes 107 and via-holes 133 are offset and be- 
cause of the minute size ol via-holes 1 33. The container 
interior space is maintained at a nominal pressure p suf- 
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ficient to prevent ingress of contaminants from the out- 
side ambient but not too high in order not to exert an 
excessive pressure on the pivoting cover 124 to avoid 
any undesired release thereof. Consequently, the wafer 
1 38 enclosed in holder 1 30 is fully encompassed by said 
neutral gas at an adequate positive differential pressure 
Ap with respect to the outside ambient. Via-hole number, 
size, orientation, and location may be designed so that 
the likelihood to have residual contaminant particulates 
remaining in the filtered gas supplied by reservoir 1 03A, 
to reach the wafer surface, is really close to zero. Typi- 
cally, via-hole size diameter ranges from 0,2 to 2mm and 
are spaced from each other by a predetermined dis- 
tance such as 2 to 5mm. A very efficient additional pro- 
tection effect to trap the said remaining particles and to 
divert them from reaching the water is thereby pro- 
duced. The combination of holes 107 of the drilled inner 
wall 106 with the via-holes 133 of Ihe perforated rear 
face of casing 1 31 to produce these two baffling effects, 
is a prominent point of the disclosed COAST concept 
from a particulate trapping point of view. 

The preferred range of the nominal pressure p is: 
1,005-1,1 10E5 Pa to produce a positive differential 
pressure Ap of about 500-1 0 000 Pa with respect to the 
outside ambient. The typical average value is approxi- 
mately 5000 Pa. Although the container is normally de- 
signed to be as much hermetic as possible, there could 
be some gas leakage possibilities especially duringcon- 
veyor transportation or should long duration storage in 
the stocker be required. This is one ot the reasons why 
the gas will have to be periodically rejuvenated. Another 
reason is the necessity to open the container pivoting 
cover.for each.wafer.transfer which causes.non?negligi; 
ble gas losses. 

Now let us see how the wafer is protected from out- 
side contamination when the pivoting cover 124 is re- 
leased. Normally, the container is connected to the said 
gas supply installation 700 so that a protective neutral 
gas environment pressurized at the said nominal pres- 
sure p is maintained within its interior space. Preferably, 
when the pivoting cover 124 has to be released, the 
blower pressure P is applied to said interior space. The 
aim is to produce the desired gas stream flowing out- 
wardly having the adequate gas flow rate V for maximal 
protection. Holes 107 are so designed to allow a signif- 
icant quasi laminar gas flow passing above all the en- 
closed faces of the wafer holder when the cover 124 is 
in the open position. However, these holes 107 can be 
only coarsely calibrated because their size is not really 
critical. Next, this gas flow passes through perforations 
1 42 and can be directed either horizontally or obliquely 
to create a gas curtain which protects the wafer 1 38from 
any ingress of contaminants. Likewise, the number, 
size, orientation and location of perforations 142 may 
be so designed to achieve an efficient gas curtain for 
water protection when the pivoting cover 124 is re- 
leased. It is remarkable to notice that during this time ol 
gas curtain generation, the wafer is quite in a still envi- 
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ronment because ol Ihe size ratio between holes 107 
and via-holes 133. Because, the container 100 is con- 
nected to the said gas supply installation 700 when the 
pivoting cover 124 is released to maintain production ot 
said protective gas curtain, the container could stay in 
this position as long as desired. On the other hand, 
should the dynamic cleaning effect mentioned above in 
connection with US-A- 4724874 required, it would suf- 
fice to enlarge the diameter size of via_holes 1 33. 

Theoretically, cassette reservoir 1 23 could be read- 
ily adapted to store a single wafer in a pressurized pro- 
tective environment without using wafer holder 130. In 
this instance, the wafer would be maintained therein by 
the supporting means generically referenced 1 08 in Fig. 
2 that have just to be adapted in that respect. However, 
only the first baffling effect mentioned above would be 
obtained. But the combination of holes 1 07 of the drilled 
inner wall 106 with the via-holes 133 of the rear wall of 
wafer holder 130 as described above to produce the 
second baffling effect mentioned above, appears nev- 
ertheless to be a requisite as far as high value product 
wafers (e.g. 64 Mbit and above DRAM chips, VLSI and 
ULSI bipolar chips) are produced. Likewise, one may 
also use a non-perlorated holder rim for some-particular 
applications. The gas curtain that was produced has to 
be replaced by a shower effect through the holder open- 
ing. In this case, via-holes 1 33 have to be designed with 
larger diameter that mentioned above. 

Other container designs may be readily envisioned 
' while still in accordance with the basic principles of the 
COAST concept. In particular, the drilled inner wall 106 
may be a drilled plate dividing the interior space 1 03 in 
upper and lower regions. The"formef constituting the 
reservoir and the latter the receptacle. Underneath, this 
perforated plate, the air flows unhindered downwards 
upon the whole surface of the wafer holder. Likewise, 
other solutions to the above described door means de- 
scribed as a pivoting cover can be implemented, e.g. 
magnetic doors, vertical shutters, vacuum doors ... etc. 

Finally, the container 100 is of relatively simple 
structural design and does not require any complex 
latching mechanisms to ensure its sealing. As illustrated 
in Fig. 1 , handling by a belt conveyor and stacking in a 
stocker are easy. Moreover, its unrivaled design allows 
usage of transparent materials or windows for direct 
reading of the wafer identification data. Because of its 
hermetic structure and low volume reservoir, it can be 
inexpensively filled with costly ultra pure neutral gas. 
Hermetic sealing gives a real autonomy and safety to 
the container, should a failure occur for instance, in the 
gas supply installation. Usage of soft swiveling and sup- 
port pads permits to significantly reduce the silicon par- 
ticulate generation, that inevitably result from the friction 
produced between said pads and the wafer during han- 
dling and transportation. 




Multiple wafer containers (MWC) 

Indeed, the Single Wafer Treatment approach is the 
essence of the COAST concept and appears of bright 

s future, however, the demand of handling a plurality ot 
wafers for batch processing may still continue, for in- 
stance, for GaAs wafers (of smaller diameter sizes when 
compared to silicon wafers) or for some specific 
processing steps such as cleaning, hot thermal 

10 processing ... etc. Although container 100 such as de- 
scribed in conjunction with Figs. 2 to 7 is perfectly suited 
for single wafer storing, transport and handling, it can 
be readily adapted to receive a plurality of wafers should 
a multiple wafer holder be required. Thus, description 

'5 encompassing different variants adapted to multiple wa- 
fer batch processing, is now given with reference to 
Figs. 8 and 9. 

Fig. 8 is comprised of Fig. 8A and Fig. 8B wherein 
Fig. 8A schematically shows the substantive elements 

20 of cassette reservoir 123 of Figs. 2 and 3, now refer- 
enced 1 23', once directly derived therefrom for adapta- 
tion to receive the multiple wafer holder 130' of Fig. 8B 
In turn, the latter directly derives from the wafer holder 
1 30 of Fig. 4. Corresponding elements bear correspond- 

25 ing references. Note, because of the relatively large vol- 
ume of access opening 1 04', it may be worthwhile to use 
two gas injection valve means 129'A and B on both lat- 
eral sides of housing box 102' instead of one. As appar- 
entf rom Fig. 8, only minor adjustments substantially lim- 

30 ited to size changes are required. However, the two 
holes 107 apparent in Fig. 2 now become a full set of 
hole pairs reterenced 10T in Fig. 8A, there is one hole 
pair for each wafer 138. Comments made above.with 
respect to the number, size, and location of holes 107 

35 in drilled inner wall 106 (Fig. 2) still apply. 

Fig. BB shows the corresponding wafer holder 1 30' 
once adapted to store a plurality of wafers 1 38. For sake 
of simplicity, some details of the housing 102' and of the 
casing 131' have not been represented in Fig. BB. 

40 Transfer opening 1 32' now comprises a series of slots, 
which, when compared with the Fig. 4 holder, gives a 
typical castellated shape to its internal lateral sides. Wa- 
fer holder 130' of Fig. 8B is still provided with a set of 
via-holes 1 33' (not shown) corresponding to said slots 

45 and thus in this case, in broad relationship with said set 
of hole pairs. As a result, the efficient trapping of con- 
taminants mentioned above is only obtained in some ex- 
tent. Finally, a piece of soft foam such as polyurethane 
foam or the like (not shown) is stuck on the internal face 

so of cover 124' (Fig. 8A) to maintain the wafers secured 
in the holder 1 31 ' (once inserted in container 1 00') when 
cover 124' is closed. 

Some processing equipments may be designed to 
receive commercially available multiple wafer carriers, 

55 such as the well-known H-bar models designed and 
manufactured by FLUOROWARE Inc. 

Fig. 9A (which corresponds to Fig. 1 of US-A- 
4949848 (Ref. D10) assigned to FLUOROWARE Inc.) 
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shows such a typical water carrier appropriate lor being 
used as the cassette in the multiple water container 123' 
ot Fig. 8A, once slightly modified. 

Now turning to Fig. 9A the waler carrier reterenced 
151 which has an H-shaped end wall 152 with a flange 
1 53 supporting a horizontal indexing bar 1 54 commonly 
used for indexing the wafer carrier. Such carriers are 
commercially available from FLUOROWARE Inc. under 
reference A1 92-80M and the like. 

As illustrated in Fig. 9B, the cassette-reservoir 123' 
(pivoting cover 124" is not shown) of Fig. 8A may then 
be readily adapted to this type of carrier. In this instance, 
the only adaptation in the cassette reservoir now refer- 
enced 123" consists in the provision of a H-bar female 
attachment system 155 onto the internal face of the 
housing bottom of the housing now referenced 102". 
Obviously, the advantages mentioned above in connec- 
tion with the description of the wafer holder 1 30 (Fig. 4), 
and in particular the second contaminant trapping effect 
and the gas curtain effect produced by perforations 1 42 
pi holder 1 30, are no longer obtained. 

THE PRESSURIZED INTERFACE APPARATUS 

The interface apparatus of the COAST concept has 
great versatility potential. In particular, it can be de- 
signed to interlace either a single wafer container 
(SWC) and a processing equipment (PE) or a single wa- 
fer container and a multiple wafer container (MWC). 

The SWC/PE interface apparatus 

Fig. 10 shows a partially exploded view of the dif- 
ferent elements forming the pressurized interface appa- 
ratus 200 of the COAST concept in a dual-port version 
consisting of two independent IN/OUT sections to match 
most conventional processing equipments provided 
with respective input port (pre-process or load station) 
and output port (post-process or unload station). Usual- 
ly, a typical processing equipment further includes a 
loadlock to interface between said ports and the treat- 
ment chamber properly said. The said stations may or 
not be connected to the said gas supply installation 700. 

In the dual-port version illustrated in Fig. 10, inter- 
face apparatus 200 first includes a frame 201 which es- 
sentially consists of a box-shaped housing 202 provided 
with a rim 203 at its rear face. Housing 202 delineates 
an interior space 204 as apparent in the left most part 
of Fig. 10 where the housing top surface has been re- 
moved. In Fig. 10, the interior space 204 is common to 
both the IN and OUT sections, however, a separating 
wall creating two independent interior spaces, one for 
each section, could be envisioned as well. The front face 
of housing 202 is provided with two port windows 205A 
and B. Similarly, the rear face of frame 201 is provided 
with two corresponding communication gates 205'A and 
B for communicating with the said pre-process and post- 
process stations respectively. The interior space be- 



tween one port window and one communication gate is 
referred to a port zone. A pair of notches 206a and b 
and a pair of thrusts 207a and b are disposed on the 
sides of window 205A. Similar construction applies to 

* port window 205B with notches 206 c and d and thrusts 
207 c and d. Thrusts 207 a to d are each provided with 
a bored hole referenced 208a to d respectively. A lid ac- 
tuator device 209A is affixed onto the top surface ot 
housing 202. It comprises a fixing means 21 OA to attach 

'o the device to the housing top surface, jack 211 A, exten- 
sion arm or piston 212A and a fork-shaped head or yoke 
21 3A in Fig. 1 0, the door means consists of pivoting lid 
214A whose movement is controlled by arm 212A via 
yoke 21 3A and a bored protruding ear fixed on the lid 

'5 as illustrated in Fig. 10.Thelid214Ahastwoblindholes 
215a and b that cooperate with respective bored holes 
208a and b and pins (not shown) to ensure its pivoting 
once movable arm 21 2A is retracted. As far as port win- 
dow 205B is concerned, similar construction applies to 

2" lid actuator device 209B and lid 214B. The role of lids 
214A and 214B is to controlably permit or prevent ac- 
cess into interior space 204 through port windows 205A 
and 205B respectively. Role of lids 21 4A and B is to 
maintain interior space 204 fully hermetic once closed. 

2S As apparent in the left most part of Fig. 10, a rotating 
transfer handler 216B with movable arm 21 7B and a 
standard vacuum operated fork-shaped gripper 21 SB is 
mounted and affixed on the internal face of the housing 
bottom within interior space 204. For instance, handler 

30 216B body has a protrusion 21 9B enclosing the driving 
motor which engages in recess 220B of housing 202. 
However, to further eliminate a potential contamination 
- source,- protrusion 21 9B may be located outside the 
housing. Similar construction applies to rotating transfer 

35 handler 216A not visible in Fig. 10. 

Interface apparatus 200 further includes two rest 
container receiving zones, one for each port zone (or 
section). In the IN section, the receiving zone essentially 
consists of centering support 221 A provided with two 

40 centering rails 222a and b, which partially engages in a 
recess 223A constructed at the right bottom of housing 
202 under opening 205A. Rails 222a and b fit with cor- 
responding grooves 224a and b. Similar construction 
applies to centering support 221 B provided with rails 

« 222 c and d adapted to recess 223B and grooves 224c 
and d. Each container receiving zone is subdivided in 
two zones: a rest zone remote from housing front face 
and an active zone at the close vicinity of the housing 
front face. Centering supports 221 A and B are prefera- 

so bly provided with an aperture or perforated in the said 
active zone. 

The IN section of interface apparatus 200 further 
includes a pair of clamping actuator devices 225a and 
b encompassing window 205A. Actuator device 225a is 
55 normally fixed onto the lateral side of housing 202 on 
the right of window 205A. It comprises jack 226a, mov- 
able arm or piston 227a, retractable finger 228a and fi- 
nally, a retractable gas feeding system 229a including 
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nozzle 230a and hose 231a. The hose 231a is connect- 
ed to the compressed ultra pure neutral gas supply In- 
stallation 700. Actuator device 225b is of similar con- 
struction except in that the retractable gas feeding sys- 
tem 229a of actuator device 225a is no longer required. 
Actuator device 225b is lodged in hole 232b. Similar 
construction applies to actuator devices 225c and d in 
■ connection with opening 205B. Normally, gas feeding 
systems 229 a and c are required to produce the pro- 
tective gas curtain at the opening of pivoting cover 1 24. 
However,' occasionally in some specific applications (e. 
g. the workplace is a ceramic substrate), they may be 
only optional. Finally, note that other types of clamping 
actuator devices may be envisioned as well. 

Finally, interface apparatus 200 includes a contain- 
er transfer device 233 to move a container from the IN 
section rest zone to the OUt section rest zone. It basi- 
cally comprises an actuator device 234 sliding in groove 
235 of support 236. Actuator device 234 comprises jack 
238 and movable arm 239. A metal plate 240 (larger 
than shown in Fig. 10) having two buttons or pins 241a 
and b is fixed thereon. The latter buttons engage in cor- 
responding holes 1 1 5 A and B formed in the external bot- 
tom face of container 100 (see Fig. 2). Actuator device 
234 moves the plate 240 up and down in the vertical 
direction. 

As explained below, the interlace apparatus can be 
optionally provided with an aperture 242 to be fitted with 
a gas injection valve assembly. Location of this aperture 
' is net-critics!, -for example-it may be achieved in the mid- 
dle of the housing front face. It is essential according to 
the COAST concept, that the housing interior space 204 
which defines the two port zones be pressurized to avoid 
contamination from the outside ambient. To that end, it 
has to be fully hermetic, prevenling thereby any unnec- 
essary gas leakage through port windows 205A and B 
of a costly ultra-pure gas. 

An enlarged view of portion referenced C of Fig. 1 0 
is also shown to illustrate the detailed construction of 
notch 206b, thrust 207b and bored hole 208b mentioned 
above. The two lower angles of the protruding portion 
of thrust 207 b are rounded. Similar construction applies 
to other thrusts 207a, c and d. This adapted profile co- 
operates with roller bearings 128AandBof pivotingcov- 
er 124 (Fig. 3) forautomatic opening thereof 124. Final- 
ly, Fig.. 10 also illustrates the O-ring 243A and B (in dot- 
ted line) which permit to lids 21 4A and B an hermetic 
sealing with the housing front lace at the periphery of 
port windows 205A and B. 

In summary, the IN section of interface apparatus 
200 therefore basically comprises two zones: a contain- 
er receiving zone which essentially consists of centering 
support 221 A and a port zone which corresponds to the 
portion of the housing interior space 204 located be- 
tween the port window 205A and the communication 
gate 205'A (visible in Fig. 11). Similar construction ap- 
plies to the OUT section. The ambient and pressure 
which prevail within interior space 204 are usually those 



of the processing equipment pre-process and post- 
process stations, because communication gates 205-'A 
and B are normally opened and lids 21 4A and B normal- 
ly hermetically seal port windows 205A and B. However, 
s as explained later, other situations may be envisioned 
as well. 

As apparent from Fig. 10, the OUT section is iden- 
tical in all respects to the IN section. Note that an inter- 
face apparatus comprising only a single IN/OUT section 

10' could be also designed for processing equipments such 
as Rapid Thermal Anneal (RTA) stations that usually 
process the wafers only on an individual basis and have 
only one input/output port. 

Fig. 11 is a perspective view which shows the ele- 

>* mentsofFig. 10oncethedifferentpartshavebeenprop- 
erly assembled to construct the dual-section interface 
apparatus 200, assuming the top surface of housing 202 
is transparent. 

A gas injection valve means 244 (similar in all re- 

20 spects to device 129 or not) has been inserted in aper- 
ture 242 of Fig. 10 and connected to the gas supply in- 
stallation 700 via hose 245 for pressurization needs. 
However, alternatively, the source of pressurization may 
be the processing equipment itself thru the communica- 
tion gates. 

Aithough not clear from the latter, the container 
transfer device 233 is positioned a few centimeters un- 
derneath the plane defined by the two centering sup- 
ports 221 A and B. Electrical wires that control actuator 

30 devices, th.6 tuning network of the gas supply 

installation have not been illustrated in Fig. 11 for 

sake of simplicity. Optionally, a removable (transparent) 
cover 246 is advantageously used for dust protection of 
interface apparatus 200, it may be associated with a 

3S clean air atmosphere or not. 

Fig. 11 makes apparent the different characteristics 
and features of interface apparatus 200. Besides its sim- 
plicity and rugged appearance, it has great flexibility po- 
tential for easy adaptation to any conventional process- 

40 ing equipment and for extensive usage with convention- 
al conveyors pursuant to the CFM concept in a full CIM 
environment. In addition, a defective interface appara- 
tus can be quickly and without effort replaced by a spare 
pre-qualified unit. Note also, it is possible to obtain a 
very high cleanliness level within the housing interior 
space 204 due to the reduction of elements located with- 
in it. In accordance with the implementation illustrated 
in Fig. 11, the major source of potential contamination 
is the two rotating transfer handlers 216A and B. How- 

50 ever, with minimal design changes, a standard wafer ori- 
enting device can also be introduced in the interface 
housing interior space 204 when a specified processing 
equipment 500 needs to have the wafer appropriately 
oriented for treatment. A bar code reader or the like can 

55 also be associated to the wafer orienting device if re- 
quired. Moreover, the production and exploitation cost 
are.minima, because the volume of the housing interior 
space is low (reduced ultra pure gas consumption). Fi- 
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nally, the interlace apparatus is adapted to a number of 
different workpieces, for instance workpiece size chang- 
es would only result in changes in the front face housing. 
Because the pressurized interface apparatus of the 
COAST concept operates as a loadlock, it may be de- s 
signed to replace the pre-process and post process sta- 
tions and the loadlock of the processing equipment 
mentioned above, as well. 

Overall operation of the interface apparatus 200 
may be now understood by reference to Figs 1 2 A to 1 20 10 
which illustrate the basic sequence of operating steps 
for transferring a silicon wafer 136 from container 100 
to the processing equipment chamber through the IN 
section of interface apparatus 200 (transfer IN opera- 
tion). The reciprocal operation, i.e. the transfer of this 
silicon wafer once processed from the processing 
equipment chamber back to the container 100 through 
the OUT section of the interface apparatus 200 (transfer 
OUT operation), is also illustrated. Figs. 12A to 120 
show the interface apparatus 200 assuming the housing 20 
top surface is transparent to illustrate the successive 
movements of rotating transfer handlers 216A and B- 
and the different respective positions of the wafer 138 
to be processed. The said wafer 138 is enclosed in a 
container 100 that has to be successively unloaded and 2S 
loaded. The following description implies references 
made to the container and interface apparatus elements 
such as described above in conjunction with Figs. 2 to 
5 and Figs. 8 and 9 respectively. 

In the initial position illustrated in Fig. 12A, lids 214A 30 
and B are hermetically closed. The interface housing in- 
terior space 204 is pressurized with an ultra pure neutral 
gas. The movable arms 227a and b of clamping actuator 
devices 225a and b are extended, while the. movable 
arms 227c and d ot clamping actuator devices 225c and 35 
d are retracted in their respective rest position. Metal 
plate 240 of container transfer device 233 is in the low 
position. Input and output ports of by-pass station 401 B 
of bell conveyor 401 are also illustrated in Fig. 12A. 

In the first sequence step, a container 100 trans- 40 
ported on the belt conveyor 401 whose wafer is to be 
processed in the process equipment 500 (not shown) 
attached to the interface apparatus 200 of Fig. 12A, is 
pushed in the container receiving zone of the IN section. 
The transfer from the main belt conveyor 401 to the IN is 
section can be effected by great variety of manner, for 
example, by action of a lever (not shown) coupled with 
a transverse rotating belt (perpendicular to the said con- 
veyor 401 ) forming said input port, and disposed in front 
of the IN section. Alternatively, an extension arm (not so 
shown) activated by a jack having holes engaging in but- 
tons 116A and B of container 100 (Fig. 2) could be used 
as well to pull the container. Similar construction applies 
to the OUT section with a reverse movement of the 
transverse belt in the output port thereof. Rollerbearings ss 
1 28 A and B of container 1 00 are efficiently used as stop 
members when they respectively gently come in contact 
wilh thrusts 207b and a. Other systems tor an accurate 
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positioning of container 100 in the IN section rest zone, 
including a retractable lever, sensors, ... may be con- 
templated as well. 

Immediately, the retractable fingers 228a and b, and 
• the retractable nozzle 230a of clamping actuator devic- 
es 225a and b are extended and inserted in blind holes 
1 1 1 A and B (Fig. 2) and in the gas injection valve device 
129 respectively, for a complete clamping and simulta- 
neous gas feeding of container 100. The container 100 
which is now permanently fed with gas can stay in the 
rest zone of the IN section as long as required by the 
host computer 601. Positioning rails 222a and b of 
centering support 221 A cooperate with container 
grooves 113A and B (Fig. 2) tor an accurate container 
positioning. II necessary, proximity sensors can be used 
to detect container exact position for extremely precise 
extension ol the actuator movable arms 227a and b. Fig. 
12B illustrates the container 100 at this stage of the 
process in the waiting position in the rest zone of the 
container receiving zone 221 A. The two container and 
interface housing interior spaces are at the nominal 
pressure p. 

The next step consists in the opening of lid 21 4A 
which closes port window 205A. To that end, actuator 
device 209A is activated, the retractable movement ot 
arm 21 2A commands pivoting of lid 21 4A thanks to the 
mechanism coupled to yoke 21 3A. At the end ol this 
step, pivoting lid 21 4A is horizontal as illustrated in Fig. 
12C. As soon as lid 21 4A is opened, a continuous flow 
of neutral gas instantly escapes from port window 205A 
because interior space 204 of interface apparatus 200 
is duly pressurized. Just before lid 21 4A is opened, the 
housing interior space 204 is pressurized to the blower -. 
pressure, so that Pint = P. In fact, the P value is selected 
so that the gas stream passing through the port window 
205A has an adequate gas flow rate typically in the 
0,2-2m/s range, preferably V = 0,4m/sec. 

Once lid 21 4A has been fully opened, the interface 
interior space pressure is reduced to the nominal pres- 
sure (Pint = p). Actuator devices 225a and b pull con- 
tainer 100, roller bearings 12BA and B are pressed 
against thrusts 207a and b which play the role of a cam 
because of their special profile or contour mentioned 
above. As a result, container cover 124 is progressively 
opened while container 100 continues to advance to 
come closer and closer to port window 205A. As soon 
as pivoting cover 124 is opened, a continuous gas flow 
escapes through perforations 142 ol container 100 and 
in a small extent through transfer opening 132 to ensure 
a complete protection of the enclosed wafer by produc- 
ing the efficient gas curtain mentioned above. During 
this step, the said blower pressure P is applied to the 
container interior space to ensure an equivalent gas flow 
rate V. As apparent from Fig. 3, pivoling cover 124 is U- 
shaped. When laid horizontal, the inverted U lorms a 
tunnel-like structure which is an additional source of pro- 
lection when the container moves from the rest zone to 
the active zone. The Iwo gas streams generated inter- 
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nally from the container and the interface port environ- 
ments (low outwardly downwards through the aperture 
or perforations formed in the centering support 221 A as 
mentioned above. Container 100 continues its move- 
ment until its front face comes to sealabty mate with the 
interface housing front face. O-ring 122 of container 
100, then ensures an excellent hermetic sealing there- 
between. Fig. 12D illustrates the container position at 
this stage of the process. Container 100 is in the ready 
state and stays in the active zone of the container IN 
section receiving zone. Pivoting cover 124 of container 
100 is positioned horizontal and located underneath lid 
21 4A. The lateral sides 1 24A and B of the U-shaped piv- 
oting cover 124 are slidably engaged in slots 206a and 
b of interface housing front lace (see Fig. 10). 

The pressurized gas enclosed in the container 100 
flows laminarty on all sides of the wafer holder 130, 
therefore fully surrounding it, bslore escaping outside 
through perforations 1 42 ensuring thereby said efficient 
gas curtain at the vicinity of the container access open- 
ing. As a resutt, during all this critical operation, the wa- 
fer is surrounded by a protective gaseous environment 
having a positive differential pressure with respect to the 
external ambient, which prevents any ingress of con- 
taminants, until the container is firmly and sealably mat- 
ing with the interface housing front face. At the end of 
this step,. both interior spaces are merged in a single 
environment and if so desired, connections of gas injec- 
tion vatve devices 1 29 and 244 to the gas supply instal- 
lation may i'nen be cut-off. A short idle period !3 now rec- 
ommended to stabilize the said single environment. If 
this step is completed very fast, one can imagine the 
gas curtain produced by th<Tair contained in the only 
reservoir be adequate. If so, connection to the gas sup- 
ply installation at this time may be not a requisite, how- 
ever the reservoir needs tobe filled again should anoth- 
er transfer IN/OUT operation required. Note that during 
all this step, the wafer is in a substantially still environ- 
ment because of the size ratio between holes 107 and 
via-holes 133 which limits gas circulation between the 
receptacle and holder interior space to produce the 
above mentioned trapping effects. It is also to be noted 
that the step sequence of Figs 12B to 12D is rapidly 
completed (approximately 2 sec) to limit gas losses. 

Figs 12E to 12H illustrate the different movements 
of the rotating handler 21 6A and the respective different 
positions of the wafer 138 during the transfer IN opera- 
tion. First, the movable arm 217A is extended through 
port window 205A and the vacuum operated fork- 
shaped gripper 21 8A is engaged underneath the wafer 
138 within water holder 130. The gripper gently moves 
into the sub-opening 1 32B until it arrives at the final po- 
sition, i.e. centered with respect to the wafer. Then, han- 
dler 216A slightly lift-up movable arm 217A, so that the 
gripper218A gently contacts the back face of the wafer. 
The vacuum operated means attached to the gripper 
21 8A is now activated to have the wafer firmly gripped 
by suction (Fig. 12E). Next, the wafer 138 is pulled out 



from the container 100 and transferred through window 
port 205A to the housing interior space 204, as a result 
of the retractable movement of the movable arm 217A 
and a first rotation of 90 degrees (Fig. 12F). Then, han- 

s dler 216A rotates again of 90 degrees to allow movable 
arm 21 7 A to extend again and move the wafer through 
the communication gate 205' A (Fig. 12G). The wafer is 
laid down on the pre-process station of the processing 
equipment 500 and is now available fortreatment. Mov- 

70 able arm 217A is retracted inside the interior space 204. 
This terminates the transfer IN operation for unloading 
container 100 and bading the pre-process station of the 
. processing equipment. Simultaneously or subsequent- 
ly, container 1 00 is disengaged, i.e. it is pushed back to 

is the rest zone by the actuator devices 225a and b (Fig. 
1 2H). During this phase, cover 1 24 and lid 21 4A are suc- 
cessively closed, while the container and housing inte- 
rior spaces, are still not contaminated because of the 
protective gas streams generated from the two internal 

20 environments that produce the gas curtain mentioned 
above. Although other variants may be envisioned, the 
typical scheme is to apply said blower pressure Ptogen- 
erate the desired flow rate V at each time the pivoting 
cover 1 24 or a lid (21 4A or B) is opened. Consequently, 

zs the two interior spaces are normally at the nominal pres- 
sure p, possibly except when the container lies in the 
active zone, i.e. when the said two interior spaces are 
merged in a common interior space, with a single envi- 
ronment depending on the type of processing equip- 

3- mcnt. However, more so n histicated schemes can be 
employed that required more than the two base pres- 
sure values p and P mentioned above. For example, two 
blower pressures can be employed P1 and P2 with P1 
> P2, so thai when the container is coming to contact 

35 the interface housing front face for mating, one has 
Pcont = P1 and Pint = P2. values P1 and P2 are different 
but not too much. 

The following TABLE I summarizes the pressure 
values Pcont and Pint in the two respective interior spac- 

io es during the engaging step. The reciprocal disengaging 
step is totally symmetric. 



TABLE I 



OPERATION 


Pcont 


Pint 


. initial waiting status 


P 


P 


. preliminary to lid opening 


P 


P 


. lid opening: start 


P 


P 


pending 


P 


P 


end 


P 


P 


. preliminary to cover opening 


P 


P 


. cover opening: start 


P 


P 


" pending 


P 


P 


end 


p or 0 


p or 0 



The rotating handler 216A is now- rotated 180 de- 
grees to come into the initial position shown in Fig. 1 2A. 
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Then, the container 100 is released from clamping by 
retracting the fingers 228a and b and nozzle 230a, as a 
result ot the reverse ol the movement described in con- 
junction with Fig. 12B. Next, the container 100 is trans- 
ferred from the IN section rest zone to the OUT section s 
rest zone ot interlace apparatus 200. To that end, actu- 
ator device 234 of the container transfer device 233 is 
first driven to have metal plate 240 to pass under the 
container, until buttons 241 a and b and holes 1 1 5A and 
Bot container lOOareperfecttyaligned.Themetalplate 10 
240 is first raised by actuator device 234 to clamp the 
container 100, then raised again to lift-up the container 
by about 5cm to pass above actuator devices 225b and 
c and move it laterally until the container is located 
above the OUT section rest zone, as illustrated in Fig. is 
121. 

Next, actuator device 234 lift-down the metal plate 
240, so that the container 100 is laid down upon center- 
ing support 221 B with a perfect alignment thanks to po- 
sitioning rails 222c and d cooperating with container 
grooves 11 3A and B. Finally, actuator device 234 is 
moved to its initial position. Once the container 100 is 
correctly aligned and positioned in the OUT section rest 
zone, the clamping actuator devices 225c and d are ac- 
tivated to have the sequence ol movements described is 
in conjunction with Figs. 12B and 12C repeated. As il- 
lustrated in Fig. 12J, while container 100 remains in the 
rest zone of the OUT section, lid 21 4B is released. Fig. 
12K shows the respective positions of container 100 
now in the active zone of the OUT section container re- 30 
ceiv'mg zone, sealably mating with port window 205B ac- 
cording to a sequence of steps described above in con- 
junction with Fig. 1 2D. The processedwaler is now 
available at the post-process station of the processing 
equipment for unloading. The gripper 218B is in the in- 35 
itial position. 

Now, the rotating handler 21 6B transfers the wafer 
from the post-process station into the container 100 by 
the following sequence. The handler 21 6B isfirst rotated 
by 180 degrees about its axis, the movable arm 217B to 
extends through the communication gate 205'B, to 
present Ihe vacuum operaled fork of gripper 21 8B be- 
neath the wafer and grasps it by activating the vacuum 
means. Then, the movable arm 21 7B is retracted and 
rotated by 90 degrees as illustrated in Fig. 12L. It is ro- « 
tated again by 90 degrees and extended to insert the 
wafer into the container (Fig. 12M). Finally, thesaidvac- 
uum means is released and the wafer then freed from 
gripper 21 8B, gently moves down to stay upon the sup- 
ports pads 139 a, b and c and is partially inserted in so 
swiveling pads 137a and b. 

Movable arm 21 7B is retracted. The sequence of 
steps of disengaging the container is the same thai the 
one described in conjunction with Figs. 12G and H. Be- 
cause now adequately fed in gas, thecontainerlOOmay ss 
safely remain in the rest zone ol the OUT section as il- 
lustrated by Fig. 12N, as long as required. This termi- 
nates the transfer OUT operation wherein the wafer is 



transferred from the post process (unloading) station to 
the container. 

Once the host computer decides to move again con- 
tainer 100, actuator devices 225c and d push the con- 
tainer 100 onto the transverse conveyor belt of the out- 
put port of bypass station 401B. Fingers 228c and d and 
nozzle 230c are retracted and movable arms 227c and 
d are also retracted. Container 100 which is no longer 
clamped and connected to the gas supply installation 
(Fig. 120), is movedtowards the main belt conveyor 401 
and is now available for further processing or handling. 
Remark, the length of movable arms of actuator devices 
225c and d could be adapted for direct container place- 
ment onto the secondary belt of bypass station 401 B, 
or even onto the main belt of conveyor 401 , for example 
by using a telescopic arm. 

The interface apparatus 200 has been described in- 
volving a single wafer container and a standard process- 
ing equipment not pressurized. Preferably, pressuriza- 
tion of the interface apparatus interior space being 
achieved by connecting gas injection valve means 244 
to the ultra pure gas supply installation. However, many 
variants may be envisioned. 

First of all, the interface apparatus may be of a sin- 
gle IN/OUT port structure or of a dual port structure with 
separate IN and OUT sections or not. The latter case is 
illustrated in connection with Figs. 10 and 11. According 
to the dual port structure of Figs. 10 and 11, the IN and 
OUT sections are placed side by side, however, the IN 
section and the OUT section could be superimposed as 
well. In the latter case, the container transfer device 233 
would operate vertically instead of laterally. 

Moreover, the pressurized interface apparatus 200 
has been described with externally controlled pivoting 
lids 21 4A and B, which is by far the preferred solution. 
However, the man skilled in the art can easily imagine 
other solutions: internal pivoting lids, or different types 
of door systems as well. For example, the shutter door 
moved up and down by a shutter opening/closing mech- 
anism as described in EP-A-462459 (Rel. D10) as- 
signed to Dainippon Screen Mfg. Co., Ltd ora slide door 
as described in Fig. 2 of US-A-4584045 (Ref. D11) as- 
signed to PLASMA-THERM Inc. However, the above 
described solution implemented with lid means is by far 
the simplest one. Note also that door means can also 
be adapted to the communication gates 205'A and B 
whenever necessary. In the latter case, the interface 
port zone would totally operate like a loadlock between 
the container and processing equipment chamber. 

The SWC/MWC interface apparatus 

Fig. 13 shows. how the dual-port pressurized inter- 
face apparatus 200 of Fig. 11 may be simply adapted to 
perform load/unload operation between different types 
of containers. In the example illustrated in Fig. 1 3, a wa- 
fer stored in a single wafer container 100 is transferred 
in a multiple wafer container 100' (Fig. 8) or 100" (Fig. 
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9). Now turning lo Fig. 1 3 and still assuming a transpar- 
ent housing cover, basically interlace apparatus 200' 
consists ot single port version housing 202' whose front 
and rear faces are adapted to the size of the container 
to be fitted therewith. As a result, housing 202' has the 
typical substantially cubic shape illustrated in Fig. 1 3 de- 
fining a rather large interior space 204'. As far as the 
housing front face is concerned, the construction is quite 
similar with the one illustrated in Fig. 11. The lid 214'A 
which closes first port window 205 (not visible in Fig. f 3) 
is controlled by actuator device 209' A. Actuator devices 
225'a and b are provided on the lateral sides of the hous- 
ing 200' which also includes centering support 221 'A on 
which a SW container 100 rests. The housing frontface 
further includes gas injection valve means 244' connect- 
ed to the gas supply installation 700 via hose 245' and 
thrusts 207a' and b' for automatic opening ot container 
pivoting cover 124. Among the minor changes, note a 
different attachment of actuator device 209'A fixed on 
cross bar 247 which is fastened to the thrusts 207'c and 
d. Rotating transfer handler 216' can be now driven in 
the Z direction thanks to an elevator piston 248. Quite 
similar construction is made with respect to the rear face 
of housing 202' with centering support 221'B, actuator 
devices 225'c and d, thrusts 207'c and d and actuator 
device 209'8 to raise lid 2 1 4'B which closes second port 
window 205' facing first port window 205 (nol visible). 
Although the interface apparatus 200' is adapted to 
make appropriate transfer of wafers between containers 
of the same type or of different types, it results in a not 
optimized operation and involves a lot of gas losses. 

A number of steps is necessary to have as many 
containers.100.to come into contact with the housing 
front face for wafer unloading before the multiple wafer 
container 100' is filled up. This sequence ol steps glo- 
bally derives from the sequence illustrated in conjunc- 
tion with Figs. 12B to 12H. The SW containers may be 
stored in a dedicated dispatching apparatus 300, for be- 
ing subsequently loaded with their own wafer. As clearly 
mentioned above, the use of multiple wafer containers 
is not the essence of the COAST concept. Interface ap- 
paratus 200' may be adapted to operate with a pile of 
containers as mentioned above supported by a lift de- 
vice with indexing means. Of course, the reciprocal 
transfer, i.e. transferring the wafers stored in a MWC into 
a plurality of SWC's, is also feasible. 

In still another preferred embodiment of interface 
apparatus 200', first port window 205 is likewise adapted 
to MW containers, and the rotating transfer handler 216 
does not move in the Z direction any longer but is adapt- 
ed to grip' the multiple wafer cassette (e.g. 151 of Fig. 
9A) in totality for direct transfer thereof in the processing 
equipment through second port window 205'. 

THE DISPATCHING APPARATUS WITH A GAS 
SUPPLY DISTRIBUTION SYSTEM 

According to the CFM concept, it is necessary to 



minimize the idle times. Consequently, it would be de- 
sirable not to store the containers to accelerate wafer 
processing. However, from a practical aspect, it is re- 
quired to regulate the manufacturing fluxes and balance 

s the workloads. On the other hand, elements of a man- 
ufacturing line includes electronic components (bar 
code readers, ...) and computer systems that are a 
source of potential failures. As a result, a buffer system 
is required to ensure this desired regulation. The dis- 

10 patching apparatus of the COAST concept is perfectly 
suited in all respects to the CFM concept. 

As explained above, in conjunction with Fig. 1, the 
first role of the novel dispatching apparatus of the 
COAST concept, is to store the containers 100 in the 

is best conditions i.e. connected to the compressed ultra 
pure neutral supply gas installation 700 during the idle 
times between the wafer processing steps in the differ- 
ent processing equipments 500. The second role is to 
handle the containers, and in particular to transfer the 

20 containers from the stacker to a belt conveyor or vice- 
versa or between two conveyors, e.g. between intra-bay 
and exlra-bay conveyors. 

Now turning to Fig. 14, in a preferred embodiment, 
dispatching apparatus 300, which is fully automated un- 

2S der host computer control, is basically made of innova- 
tive 3 axis automatic handler 301 and vertical stocker 
302. 

The automatic handler 301 is made of a rotatable 
base 303 supporting a vertical elevator 304 on which a 

30 handling robot 305 comprised of an extensible horizon- 
tal arm 306 provided with gripping means 307 fixed at 
the.extremity thereof. 

The vertical stocker 302 consists of a stainless steel 
frame 306 made of tubes supporting as many support 

3-5 stations or bins 309 as required by production simula- 
tions. The bins 309 are superposed in vertical columns 
and those vertical columns are positioned on a circle 
centered about the rotative axis of the handler 301. It 
results in the typical tower-shaped configuration of Fig. 

40 1 4. As more particularly illustrated in the enlarged view 
of Fig. 14, each bin 309 consists of a support plate 310 
equipped with a gas feeding system 311 including a re- 
tractable nozzle 312 activated by jack 31 3 and connect- 
ed to the outlets 705 of neutral gas supply installation 

4S 700 by hoses 31 4. The pressure and quality of the en- 
closed gas within container 100 can be visually control- 
led with accuracy thanks to observation plug 149 (Fig. 
7) whenever necessary. The gas feeding system 311 is 
affixed on the plate 310 by corner-plate 315. All the in- 

so dividual hoses 314 are connected to the gas supply in- 
stallation 700. 

Still in this preferred embodiment, nozzle 312 pro- 
vides automatic control ol the gas flow within the con- 
tainer. When extended (container 100 is present), the 
gas flows through nozzle 31 2 to feed container interior 
space, when retracted (absence of container 100) the 
gas flow is cut-off. As a result, only an erect rical (or pneu- 
matic) command of nozzle movement is required. 
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The tubes forming the frame 30B are hollow and 
thus can be used for gas transportation between the gas 
supply installation 700 and Ihe bins. According to this 
implementation, hoses 31 4 are directly connected to the 
said tubes. In still another embodiment, the pipes are 5 
positioned within said hollow tubes. 

Dispatching apparatus 300 facilitates transfer of 
containers between intra-bay conveyor 401 (or extra- 
bay conveyor 402) and the stacker 302, or between the 
conveyors themselves. to 

The detailed construction of bin 309 and robot 305 
will now be given in conjunction with Fig. 15. Each bin 
309 is well adapted to receive a container 100. To that 
end, plate 310 is provided with two sidewalls 310A and 
B and two positioning buttons 31 5 A and B that engage 
in corresponding holes 115A and B of container 100 
(Fi9- 2). 

As far as robot 305 is concerned, gripping means 
307 may be designed in a great variety of manners. As 
illustrated in Fig. 1 5, gripping means 307 first comprises 
flange 316 provided with two holes 31 7A and B, wherein 
piris or buttons 11 6A and B formed at the external top 
surface of container 100 engage. A transverse bar 318 
is fastened to flange 31 6 and carries two gripper devices 
31 9 A and B, that are fixed thereon. Gripper device 31 9A 
comprises a jack 320A, piston 321 A and jaw 322A 
whose end is provided with a pad 323A which engages 
in recess 112Afor container clamping. Similar construc- 
tion applies to gripper device 31 9B. Once activated, the 
two jaws 322A and B are pivoting of about 15-30 de- 30 
grees to clamp container 100. 

Each bin is identified by its position (Z coordinate) 
i n Jhe_column , the Identification number.oUhe.column, 
and the identification numberof the stacker in thefactory 
so that each bin has his own address, which is identified 3S 
in the host computer memory. Moreover, a label is af- 
fixed in front of each bin to identify this position and thus 
the container stored therein, in case of automatic han- 
dler failure. Consequently, an operator may determine 
the right bin at a glance and thus the container to be 40 
processed in a processing equipment. It is important to 
remark that, due to its unrivaled design, dispatching ap- 
paratus 300 is not only well adapted to work with con- 
ventional conveyors, but it may accommodate different 
heights thereof. Standard processing equipments may *s 
have input/output ports at different heights, thus the use 
of dispatching apparatus 300 with inclined conveyor 
parts, readily solves the problem ol port height adapta- 
tion. Note, dispatching apparatus is also operable as a 
lift device. so 

Figs. '16 and 17 show two variants of the gripping 
means 307 of Fig. 15, the improvement consists to re- 
duce the height thereof, so that a greater numberof con- 
tainers 100 can be piled in a specified storage column 
of dispatching apparatus 300. In Fig. 1 6, the implemen- ss 
tatfon is quite similar to Fig. 15 still with a flange 316 
provided with two actuator devices 31 9' A and B. Only 
the structure of jaws 322'A and B is different, because 



U-shaped parts 324A and B, are now required. 

Fig. 1 7 shows another variant using only one com- 
mon actuatordevice 31 9' and a completely different sys- 
tem of jaws, whose pivoting is now made laterally in- 
stead of vertically. Other variants, such as electromag- 
netic, vacuum or pneumatic gripping means may be en- 
visioned as well. 

Overall operation of dispatching apparatus -300 
reads as follows. When a processing equipment, which 
performs a specified processing step, is going lo be 
available (e.g. no more container 100 in the IN section 
of the corresponding interface apparatus 200), the host 
computer 601 knows what wafers are waiting for this 
step in the stocker 302 of dispatching apparatus 300. 
Thus, according to scheduling defined by the FCS lo- 
gistic management (depending on the equipment avail- 
ability, the current wafer priority, the equipment set-up 
parameters, ...), host computer 601 decides which wa- 
fer and thus which container has to be moved to this 
equipment. From its main memory il determines in 
which bin 309 of stocker 302, the desired container 100 
is stored. Now turning to Figs. 1 4 and 1 5, and assuming 
robot 305 is in the initial position, i.e. in front of the input/ 
output port of by-pass station 401 A with arm 306 retract- 
ed. Then, under host computer control, the automatic 
handler 301 rotates the arm 306 and moves it along el- 
evator 304 vertically until it comes in front of the right 
bin 309. Then, arm 306 is extended in order to put the 
flange 316 above the wanted container 100 and in reg- 
istration therewith. Next, the arm 306 gently goes down 
until flange 316 touches the top of the container, to have 
the pins 116A and B of the container engaged in the 
holes 317A and B of flange 31 6._Then,.the.jacks 320A 
and B are actuated in order to rotate the grippers 31 9A 
and B, until the container is gripped. Next, the nozzle 
312 is retracted cutting-off thereby the gas connection 
with gas supply installation 700, Ihe arm 306 slightly 
moves up to release the container 100 from the pins 
315Aand B ol support plate 310. The arm 306 is now 
retracted, moved vertically downwards and rotated to 
present the container 1 00 in f ront of the input/output port 
of by-pass station 401 A. 

The arm 306 is extended again and sustains the 
container slightly above (e.g. 1 mm or less) the second- 
ary conveyor belt of the by-pass station 401 A. The ac- 
tuator devices 320A and B are then activated to open 
the jaws 322A and B, robot 305 slightly goes up so that 
the pins 116A and 116B of container 100 are released 
from flange 316. The arm 306 is retracted and the robot 
305 is ready to execute the next operation. Once the 
container 100 is laid down onto the secondary belt of 
by-station 401 A, it is pushed to the conveyor 401 and 
moved to the designed process equipment 500. The 
man skilled in the art may readily implement others tech- 
niques to obtain a gentle setting of the container upon- 
the belt conveyor Shocks and vibrations have obviously 
to be minimized. Thanks to the capability as explained 
above, of the bar code readers 604 (Fig. 1 ) that are ju- 
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diciously disposed all along the conveyors 401 to read 
without contact the identification label 148 stuck on the 
back of the container 1 00 location ol the latter is contin- 
uously checked. The main memory of the host computer 
is now informed that this bin 309 is henceforth empty 
and container route sheet is updated. All operations de- 
scribed above may be facilitated should appropriate 
sensors be used, to detect container positbn, centering 
to energize the motors that control the secondary 
belts, ... under host computer control, etc. 

Fig. 1 8 shows a dispatching apparatus referenced 
300' including a wall-shaped sleeker variant referenced 
302', of the tower-shaped stocker 302 of Fig. 14, useful 
if more storage capacity is needed or if necessitated to 
meet manufacturing line lay-out requirements. With re- 
spect to Fig. 14, in Fig. 18, similar elements bear corre- 
sponding references. In this case, the rotatable base 
now referenced 303' has to be moved along a rectilinear 
track 325 fixed on the floor. Note there is also a great 
flexibility in designing this variant. 

As apparent from Figs. 14 and 18 the novel inter- 
face apparatus of the COAST concept are flexible, mod- 
ular fully adapted to conventional conveyors, and thus 
capable of meeting all user potential needs. 

FULLY AUTOMATED AND COMPUTERIZED 
CONVEYOR BASED MANUFACTURING LINES 

■ For the fabrication of future advanced semiconduc- 
tor chi^c manufacturers are facing different factors 
among which the most important is certainly to eliminate 
or at least significantly reduce wafer contamination. Oth- 
er key factors, such as quality (a'constant thrust from 
the customers), higher yields, lower costs and reduced 
lead times, are closely related to wafer contamination. 
On the other hand, the technology continuously evolves 
towards increased chip integration, ever reduced mini- 
mum feature sizes, and increasing process complexity 
(advanced bipolar structures can require a thousand of 
processing/treatment steps). , 

To achieve these desired goals the response is "to 
automate the fab". The global automation approach as 
suggested by the COAST concept is a quite satisfactory 
solution in all respects. It implies both mechanical auto- 
mation and computerization. Mechanical automation 
means to have fully automated handlingAransportation 
systems and processing equipments. Computerization 
means to have an efficient information management 
system, often referred to as the Floor Control System 
combined with a complex network of wafer identification 
devices for permanent wafer tracking. Merging both 
techniques results in a fully automated and computer- 
ized manufacturing line. 

Of course, for a full automated operation of a man- 
ufacturing line under the FCS control, processing equip- 
ments must be adapted in the future to provide all nec- 
essary data/intormation (that are now partially supplied 
to operators) in a form useable by the FCS and con- 



versely, be responsive to ft. These data include para- 
metric process data collected during wafer processing, 
equipment availability data (down, waiting for wafer, 
processing complete, processing in work,...), in-situ 

s control data, and set-up data. These data further include 
logistic data concerning availability of intermediate 
products such as: raw wafers, reticles, photoresist, ... 
that are required in the semiconductor wafer process- 
ing. Likewise, they must be capable of accepting com- 

10 mands from the FCS that traditionally have been input 
by an operator. Note by the way, these reticles can be 
handled, stored and transported to their appropriate lo- 
cations by the same manufacturing line. An operator is 
then able to load them in the lithography tools wherever 

»s required. 

What is further required is a dynamically controlled 
movement to eliminate or at least significantly reduce 
the idle times, to comply with the CFM concept, and fi- 
nally operate in the mode of "just-in-time" management. 

20 The FCS should know the history identity and status ol 
all the intervening parlies: wafers, equipments, fluids, ... 
in the factory. The FCS moves the containers to equip- 
ments for further wafer processing based on availability 
. and wafer processing scheduling. The FCS must be real 

25 time in nature and must operate without human inter- 
vention to avoid misprocessing errors that are a major 
yield detractor. . Situations where an equipment lan- 
guishes idle for extended periods of time in waiting for 
a wafer to be processed or because after processing the 

30 wafer has not been removed from the equipment, con- 
tributes to a loss of efficiency in the manufacturing con- 
tinuous work flow. To achieve an autonomous and real- 
time automated FCS, all this information must be cap- 
tured electronically. 

35 Finally, for normal operation, and in case of prob- 
lems (recovery plan) the operator (or the line manage- 
ment personnel, who has the need to know, must be 
able to interrogate the different parts of the FCS, inside 
or outside the facility for instance, via terminals. In other 

40 words, the wafer fabrication facility must include a dis- 
tributed computer network. 

In conclusion, while "islands of automation" are a 
useful stepping stone, full achievement of the previously 
mentioned goals will only be realized when each piece 

•45 of the manufacturing line is capable of taking its place 
as a full partner of such an automated factory and when 
the FCS is able to assimilate the flow of data it receives 
and in turn, to execute the correct action. 

The previous SMIF solutions as described above 

50 are far to be a total solution.to such a desired fully au- 
tomated and computerized manufacturing line. Still ac- 
cording to the COAST concept, there is suggested to 
merge the three above disclosed novel elements, i.e. 
the pressurized sealable transportable container, the 

ss pressurized interlace apparatus and the dispatching ap- 
paratus with a conventional conveyor system and a 
standard distributed. information management system 
referred to as the Floor Control System. The optimal in- 
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tegration of these elements in that context, results in a 
great variety of efficient, highly flexible, modular, smart 
manufacturing line architecture which do require only 
minimal human intervention to operate and have out- 
standing recovery capabilities to overcome any type of 
incidents or failures as it will be explained now. 

Fig. 19 schematically illustrates a novel manufac- 
turing line architecture that implies both conventional in- 
tra-bay and extra-bay conveyors combined with a stand- 
ard distributed information management system. 

Now turning to Fig. 1 9, there is shown a manufac- 
turing line architecture bearing numeral 15 adapted to 
the COAST concept including the above mentioned 
base elements and organized around a loop-shaped ex- 
tra-bay conveyor 402. Process area 10-1 is organized 
around intra-bay conveyor 401-1 which transports and 
distributes containers 100 to the adequate processing 
equipments 501-1, 502-1, ... (they may. be identical or 
different), via corresponding single port or dual port in- 
terface apparatus 201-1, 202-1, ... etc. For example, in- 
terface apparatus 201-1 and 202-1 are of the dual-port 
type such as described above in conjunction with Figs. 
1 0 to 1 2. Unlike, processing equipment 503-1 uses two 
remote single port interface apparatus referenced 203-1 
and 204-1. Finally, processing equipment 504-1 uses 
only a single port interface apparatus 205-1 . The bypass 
stations implemented in conveyor 401-1 are referenced 
401 A-1... etc. A plurality of bar code tag readers 604A- 
1 , ... are installed at judicious locations of intra-bay con- 
veyor 401-1. 

The process area 10-1 is associated with dispatch- 
ing apparatus 300-1 , which has the regulating role men- 
tioned above and. in, particular to store the.containers 
and to transfer them to and from conveyors 402 and 
401 -1 . Exlra-bay conveyor 402 is also provided with bar 
code readers 604'A, ... etc. Optionally, another dis- 
patching apparatus can be installed on the opposite side 
of process area 10-1 for higher throughputs according 
to production simulations. Other process areas 10-2, 
10-N can be installed within extra-bay conveyor 402 in 
manufacturing line architecture 1 5. 

An input/output buffer dispatching apparatus 300 
referenced 300 I/O has also been illustrated in Fig. 19 
facing by-pass apparatus 402 I/O. Dispatching appara- 
tus 300 I/O is loaded by containers either manually or 
automatically by chaining a second extra-bay conveyor 
(not shown) to it. 

The manufacturing line architecture 15 further in- 
cludes the Fbor Control System 600 now comprised of 
host computer 601 , Local Area Network 602 and a plu- 
rality of area micro controllers, one for each process ar- 
ea, referenced 603-1, ... etc. It further includes a com- 
pressed ultra-pure neutral gas supply installation 700-1 
dedicated to process area 10-1 . However, a central gas 
supply installation 700 tor the whole manufacturing line 
15 may be envisioned as well. It is a significant advan- 
tage of the COAST concept, to have manufacturing line 
15 operating in an average clean room and not in an 




ultra clean room. 

Fig.. 20 shows another manulacturing line architec- 
ture 1 6, wherein process areas 10-1.... have been only 
schematically illustrated. Processareas 1 0- 1 , . . . are dis- 

s posed at the exterior ol a central linear extra bay con- 
veyor 402 which is interestingly provided with bridges 
402-A, 402-A', ... for higher ihroughputs. In Fig. 20, the 
dispatching apparatus 300' I/O is typically of the wall- 
shaped type and includes two vertical stockers 302'A 

10 and 302'B, and automatic handler 301' which moves 
along rail 325 as explained above. For example, vertical 
stacker 302'A stores the containers whose wafers are 
to be processed (raw wafer) and stocker 302'B stores 
the containers oncB the wafers have been submitted to 

' s the full sequence of processing steps (completed wa- 
fers). Other manufacturing line architecture variants 
may be envisioned as well. 

Detailed operation will now be illustrated by refer- 
ence to Figs. 1 and 1 9. 

2° When the container 1 00 is pushed on the IN section 
rest zone of interface apparatus 201-1 of processing 
equipment 501-1, it is immediately clamped and con- 
nected to the neutral gas supply installation 700-1. Its 
identification is sent to the host computer 601 by reader 

2S 604A-1. If necessary, host computer 601 first checks if 
equipment 501-1 matches well the process step 
planned to be done on the enclosed wafer to avoid any 
misprocessing. If yes, the procedure to open the con- 
tainer, unload the wafer therefrom andtransfer it into the 

30 interface port zone as described in conjunction with 
Figs. 12A to 12E, is initiated. During the time the wafer 
is being treated, the host computer 601 is permanently 

informed byjhe equipment of the pxocesg.prqgresses. 

At the end of the processing, the wafer is loaded 

3S again in the container 100 at the interface apparatus 
OUT section according to the procedure described in 
conjunction with Figs. 12J to 12N. The processing 
equipment 501-1 informs the host computer 601 that the 
process step has been completed and the data of the 

40 route sheet of this water is now updated. The host com- 
puter 601 undertakes the necessary steps of what has 
to be done for this container. If it is a process operation 
to be made by another processing equipment, but still 
supplied by the same dispatching apparatus 300-1 , i.e. 

*s in the same process area 10-1, the container 100 is just 
moved directly to it if the designated process equipment 
is available, or to the dispatching apparatus 300-1 for a 
temporary storage, if not. Anyway, the container is put 
on the intra-bay conveyor 401-1, in order to reach the 

so next processing equipment or dispatching apparatus 
300 ; 1. 

When the next process step has to be done in an- 
other process area, e.g. 10-1 (not shown) the host com- 
puter 601 requests the dispatching apparatus 300-1 to 
55 pick up the desired container 1 00 on the by-pass station 
401A-1 of conveyor 40 1-1 and make all the movements 
necessary to grip and drop it on the by-pass station 
402A where it is moved towards main conveyor 402. 
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From then, it is moved to dispatching apparatus 300-I 
where is located the right processing equipment. Note 
that, an additional dispatching apparatus, such as of the 
type 300' described above, can be only used as a buffer, 
in manufacturing line 15, to overcome the risk of no 
available room in the appropriate dispatching appara- 
tus. When the container 100 is on the input/output port 
of the by-pass station of dispatching apparatus 300-I, 
robot 305-I (not shown) is informed that it must grip this 
container and put it in an available bin as defined by the 
host computer 601 whose main memory is then updat- 
ed. If the process equipment is not immediately availa- 
ble, the host computer 601 is aware of this container 
which is waiting for being processed and which process- 
ing equipment is appropriate in that respect. As soon as 
the processing equipment is made available, this con- 
tainer is moved to it. 

Moreover, the manufacturing lines of the COAST 
concept are well adapted to a recovery plan. 

In case of failure of the host computer 601 , the area 
micro-controller of each process area will keep in mem- 
ory all the data concerning the position and status of all 
the containers pertaining to it. An operator is then able 
to drive manually this process area, but he will have to 
record manually in the area micro-controller all the proc- 
ess operations he has made on each wafer, in order to 
have the data of the electronic route sheet updated in 
the host computer when operative again. 

In case of failure of a dispatching apparatus, the op- 
erator will also be able to know through the host com- 
puter where is the right container to be processed, to 
put it by hand directly on the IN section rest zone of the 
appropriate processing equipment. Thanks to the host 
computer 601 he also knows what is the next operation 
to be completed and in which available bin he has to 
store the container enclosing the processed wafer. The 
operator will have to report to the host computer 601 any 
movement he has made in and out Ihe dispatching ap- 
paratus for validation. 

More generally, all the containers are identified au- 
tomatically every time they go in and out a processing 
equipment or a dispatching apparatus, in order to have 
the host computer to know permanently where they 
stand and what is the next process operation to be made 
thereon. If this information is missing, there is an alarm 
to inform the operator that there is a failure and an error 
is reported. A corrective action is undertaken. Data that 
are recorded in the host computer are useful for subse- 
quent statistical analysis and processing equipment set- 
up parameter adjustment, for feed-back action. • 

The above solutions described by references to 
Figs. 1 9 and 20 are therefore an effective and low cost 
approach to a total solution for automating a wafer fab- 
rication facility in compliance with the CFM concept, be- 
cause the disclosed novel manufacturing lines and var- 
iants thereof are capable to perform the three functions 
that are required in thai respect which are recited below. 



1. Global automation 

a) Automatic wafer tracking. Determination at any 
time of the physical location and status of contain- 

s ers/wafers, because each container is provided 
with an identification tag and the conveyors are ju- 
diciously equipped with adequate readers. As a re- 
sult, the containers are permanently tracked and 
identified by the FCS, irrespective of being trans- 

10 ported by Ihe conveyors, stored in a dispatching ap- 
paratus, or processed in a processing equipment. 
Note that the novel containers are perfectly suited 
for direct wafer data identification reading. 

>s b) Automatic container transport and dispatching. 
Moving the containers between processing equip- 
ments or within process areas is automatically per- 
formed by conventional conveyors and novel dis- 
patching apparatus, under host computer control 

so without any human intervention 

c) Automatic processing equipment loading/un- 
loading. All the operations of loading/unloading the 
processing equipments with the wafers are safely 
2S performed. They are fully automated under hosl 
computer control thanks to the novel interface ap- 
paratus. 

2. Contamination-free wafer fabricalion 

30 

All the steps of transport, loading/unloading, stor- 
age, and dispatching conducted within the manufactur- 
ing line are completed while the wafer.is still surrounded 
by a protective neutral ultra-pure gaseous environment 
3S having a positive differential pressure with respect to the 
outside ambient. As a result, any ingress of contami- 
nants is prevented during the whole sequence of treat- 
ment steps. 

*o 3. Single wafer treatment 

The container and the interface apparatus are per- 
fectly adapted to move towards the single wafer strategy 
that appears to be inevitable for the future. 

4S 

POTENTIAL APPLICATIONS OF THE COAST 
CONCEPT 

First of all, major applications can obviously be 
so found in the semiconductor device manufacturing, not 
only in the fabricalion of chips as described above, but 
also in the fabrication or the handling of raw wafers, pho- 
tomasks, reticles that are extensively used in this 

industry. 

55 The COAST concept can also find obvious and di- 
rect applications in other fields of the technology, e.g. 
ceramic substrates, compact discs '(CDs)-audio or 
ROM, magnetic disks, ... etc. 
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More generally, it goes without saying that the novel 
pressurized sealable transportable containers, the nov- 
el pressurized interface apparatus, the novel dispatch- 
ing apparatus with a gas distribution system, and finally 
the novel fully automated and computerized conveyor 
based manufacturing lines deriving therefrom can also 
be applied everywhere any contaminalion-lree work- 
piece fabrication is required. In others words, where the 
fabrication of workpieces under conditions appropriate 
for an ultra clean facility is necessary, without requiring 
the huge clean room facility and dramatic related invest- 
ments. For example, it is possible to extend the COAST 
concept lor fabricating medicaments, foods, 
chemicals, ... and to use it in the fields of genetic engi- 
neering, virology and the like. 



ble casing (131) defining an interior space (134) 
having a transfer opening (132) on the front face 
adapted to the transfer in and out of a workpiece; 
said transfer opening is encompassed with a perfo- 
rated rim (141 ) sealably mating with said main ac- 
cess opening; said casing being provided with via- 
hole means (1 33) on a face opposite to said transfer 
opening lor gas circulation between said receptacle 
and the casing interior space and with workpiece 
support means (137, 140) in the casing interior 
space to firmly and accurately maintain said work- 
piece therein. 

The container of claim 1 or 2 wherein said door 
means (124) consists of a U-shaped pivoting cover 
having front and lateral sides. 



Claims 4, 

1 . Pressurized sealable transportable container (1 00) 20 
comprising: 

a substantially parallelepipedic-shaped cas- 
sette reservoir (123) basically consisting of a 
box-shaped housing (102) defining an interior « 
space (103) having a main access opening 
(104) on the front lateral face adapted to the S. 
transfer in and out of an object; said housing 
being provided with an inner wall (106) sepa- 
rating said interior space (103) in two regions: 30 
a first regiori (103A) so-called the feseivoirariu 6. 
a second region (103B) so-called the recepta- 
cle that is adapted to receive said object; said 
inner" wall being provided with hole means~f or 
allowing gas circulation between said first and 3S 7. 
second regions; 



gas injection valve means (1 29) inserted in an 
aperture made in said housing in connection 
with said reservoir; said gas injection means 
are adapted for connection to a compressed ul- 
tra pure neutral gas supply installation (700) to 
establish a determined static first or nominal 
pressure p within said interior space having a 
positive differential pressure Wp with respect to 
the outside ambient to create an overpressure 
therebetween; 



The container of claim 3 wherein said pivoting cover 
lateral sides are provided with holes (125) cooper- 
ating with corresponding bored elements (118) 
formed at the housing top surface at the vicinity of 
the said main access opening and removable pins 
(126) and with cover locking means (127) cooper- 
ating with corresponding locking means (120) 
formed in the housing. 

The container of claim 3 or 4 wherein said pivoting 
cover (124) further includes roller bearing means 
(128). 

Trie coniainer of any above ciaim wherein each iat- 
eral face of the housing has a recess (112) provided 
with a blind hole (111) for gripping the container. 

The container of any above claim wherein the hous- 
ing top and the housing bottom are provided with 
positioning/centering means. 

The container of claim 7 wherein said positioning/ 
centering means comprises two elongated grooves 
(113) formed in the housing bottom surface. 

The container of claim 8 further comprising two 
elongated rails (114) formed in the housing top sur- 
face wherein said elongated rails and grooves have 
corresponding design to allow easy stacking of con- 
tainers. 



support means (108) for firmly and accurately 
maintaining an object within said receptacle; 
and, 



10. The container of any above claim wherein the hous- 
ing bottom external surface is provided with means 
(115) adapted for moving the container by a robot. 



door means (124) sealably mating with said 11. Thecontainerofanyaboveclaimwhereinsaidinner 



main access opening (104). 

The pressurized sealable transportable container of 
claim 1 wherein said object consists ol a holder; 
said holder ( 1 30) basically consisting of a remova- 



wall (106) is provided with guiding pads (109) in the 
receptacle side (103B). 

12. The container of any above clainrwherein said gas 
injection valve means (1 29) comprises a quick con- 
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nect seal plug including a non-return valve (129A) 
and a high efficiency filter (129B). 

13. The container of any above claim wherein said 
housing is provided with gas observation means s 
(149) for gas parameter monitoring. 

1 4. The container of any above claim further comprising 
top (143) and bottom (144) protective shells to pro- 
tect housing top and bottom surfaces. 

1 5. The container of claim 1 4 wherein said top and bot- 
tom protective shells are provided with positioning/ 
centering means. 

16. The container of claim 14 wherein said positioning/ 
centering guiding means comprises for a pair of cor- 
responding elongated grooves (1 47) formed on the 
bottom protective shell. 

17. The container of claim 16 further comprising a pair 
of elongated rails (145) tor the top protective shell 
for easy stacking of containers. 

18. The container of any above claim 14 to 17 wherein 25 
said bottom protective shell is further provided with 
moving means for moving the container by a han- 
dling robot or an actuator device. 

19. The container of claim 18 wherein said moving 30 
means consists of a pair of blind holes. 

20>The container of claim 19 wherein said top protec- 
tive shell is provided with corresponding pins (146). 

35 

21. The container of any above claim 13 to 20 wherein 
said top protective shell has protruded regions 
(143) to clip with said recesses. 

22. The container of any claim 13 to 20 wherein said *o 
bottom protective shell has protruded regions (144) 

to clip with said recesses. 

23. The container of any above claim further comprising. 

an identification label (148) affixed on the housing *s 
rear lateral face. 

24. The container of any above claim further comprising 
seal means (122) surrounding said opening (104) 

to cooperate with said door means for hermetic so 
sealing of the cassette reservoir interior space. 

25. The container of any claim 2 to 24 wherein said cas- 
ing is substantially semi-circular. 

ss 

26. The container of any claim 2 to 25 wherein said 
transfer opening (132) is formed by two adjacent 
sub-openings: the upper sub-opening (132A) is 



adapted to slidably receive the workpiece and the 
lower sub-opening (132B) is adapted to receive a 
vacuum operated gripper. 

27. The container of any claim 2 to 26 wherein said per- 
forated rim (14) is provided with perforations (142) 
at the periphery of said transfer opening that are de- 
signed so that the enclosed pressurized gas tends 
to evacuate in forming an external gas curtain at the 
close vicinity of the said transfer opening when said 
door means are opened. 

28. The container of any claim 2 to 27 wherein said cas- 
ing (131) further comprises clamping means (140) 
cooperating with corresponding means (110) locat- 
ed in the housing for accurate locking therewith. 

29. The container of any claim 1 to 26 wherein said cas- 
sette reservoir is made of a non-contaminating ma- 
terial. 

30. The container of claim 29 wherein said material is 
a plastic. 

31. The container of claim 30 wherein said plastic is 
transparent. 

32. The container of claim 31 wherein said material is 
stainless steel. . 

33. The container of any claim 2 to 32 wherein said 
holder is made of a non-contaminating material 



34. The container of claim 33 wherein said holder is 
made of a plastic. 

35. The container of claim 34 wherein said plastic is 
transparent. 

36. The container of claim 33 wherein said holder is 
made of pure Si02 or Si02 coated plastic. 

37. The container of any claim 2 to 36 wherein said 
holder is adapted to store a plurality of workpieces. 

38. The container of claim 37 wherein said holder con- 
sists of a standard multiple workpiece carrier (151). 

39. The container of any claim 11 to 38 wherein the 
number, size, and location orientation of said holes 
(1 07) are designed for a maximum particulate trap- 
ping effect. 

40. The container of any claim 2 to 39 wherein said via- 
hole means consists of via-holes whose number, 
size, location and orientation are designed lor a 
maximum particulate trapping effect. 
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41. The container of claim 40 wherein said.holes and 
via-holes are offset to further increase of the partic- 
ulate trapping effect. 

42. The container of any above claim wherein said pos- s 
itive differential pressure Wp is approximately in the 
500-10000 Pa. range. 

43. The container of claim 42 wherein said positive dif- 
ferential pressure Wp is equal to 5 000 Pa. io 

44. The container of any above claim wherein said neu- 
tral gas is selected in the group computing N2, He 
and Ar. 

15 

45. The container of any above claim 2 to 44 wherein 
said workpiece is selected from the group of flat- 
shaped objects including: semiconductor wafers, 
compact-discs audio, compact-discs ROM, mag- 
netic disks, ceramic substrates, reticles , cartridges so 
and the like. 

46. The container of claim 1 wherein said object is a 
semiconductor wafer. 

25 

47. A method of fabricating integrated circuits compris- 
ing the steps of: 

providing a semiconductor wafer in the pressu- 
rized scalable transportable container 'of any 30 
above claim 1 to 46; 

pressurizing the interior space of said container, 
by connecting said gas injection means to a 
compressed ultra pure neutral gas supply in- 35 
stallation; 

placing said container in front ol a pressurized 
sealable load lock interface apparatus provided 
with door means for closing the main acess 40 
opening thereof; said interface apparatus inter- 
■ faces the outside ambient with a processing 
equipment; 

pressurizing the interior space of said interface 45 
apparatus; 

opening container and interface apparatus 
door means, producing thereby a significant 
gas flow therefrom due to the overpressure so 
caused by the pressurization; 

simultaneously moving said container towards 
said interlace apparatus to have the container 
main access openingAransfer opening and the 55 
interface apparatus main opening sealably 
mating, creating thereby a pressurized com- 
mon interior space wherein any ingress of con- 



taminant is prevented; and 

transferring said wafer from the interior space 
of said container into the interior space of said 
interface apparatus. 

Patentanspruche 

1 . Unter Druck stehender, abdichtbarer, tragbarer Be- 
halter(100) mit: 

einem im wesentlichen quaderformigen Kas- 
settentank (123), der hauptsachlich aus einem 
kastenformigen Gehause (1 02) besteht, das ei- 
nen Innenraum (103) mit einer Hauptzugangs- 
offnung (104) an dervorderen Lateralseile auf- 
weist, die geeignet ist, ein Objekt hinein und 
heraus zu transferieren; wobei das Gehause 
mit einer Innenwand (106) versehen ist, die den 
Innenraum (103) in zwei Bereichetrennt: einen 
ersten Bereich (103A), den sogenannten Tank, 
und einen zweiten Bereich (103B), die soge- 
nannte Kapsel, die geeignet ist, das Objekt auf- 
zunehmen; wobei die Innenwand mit Lochmit- 
teln versehen ist, ujn eine Gaszirkulation zwi- 
schen dem ersten und dem zweiten Bereich zu 
erlauben; 

Gaseinleitungsventilmitteln (129), die in eine in 
dem Gehause ausgebildete Offnung in Verbin- 
dung mit dem Tank eingefugt sind; wobei die 
, GaselnleitungsmitteLgeeignet sind, eine Ver^ 
bindung mit einem Abgabesystem (700) fur 
komprimiertes ultrareines Neutralgas herzu- 
stellen, urn einen festgelegten statischen er- 
sten oder nominellen Druck p innerhalb des In- 
. nenraums mit einem positiven Differenzdruck 
Wp bezuglich der AuBenumgebung aufzubau- 
en, urn einen Oberdruck dazwischen zu erzeu- 
gen;- 

- Tragermitteln (108), urn ein Objekt sicher und 
prazise innerhalb der Kapsel zu halten; und 

Turmitteln (124), die dicht mit der Hauptzu- 
gangsoffnung (104) zusammenpassen. 

2. Unter Druck stehender, abdichtbarer, tragbarer Be- 
halter nach Anspruch 1 , wobei das Objekt aus ei- 
nem Halter besteht; wobei der Halter (130) haupt- 
sachlich aus einem abnehmbaren Rahmen (131) 
besteht, der einen Innenraum (1 34) mit einer Trans- 
feroffnung (1 32) an der Frontseite definiert, die ge- 
eignet ist, ein Werkstuck hinein und heraus zu 
transferieren; wobei die Transferoflnung mit einem 
perforierten Rand (141) eingetaBf ist, der dicht mit 
der Hauptzugangsoffnung zusammenpaRt; wobei 
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der Rahmen mit Durchgangslochmitteln (133) auf 
einerderTransteroffnung gegenuberliegenden Sei- 
te (Or eine Gaszirkulation zwischen der Kapsel und 
dem Innenraum des Rahmans und mit Werkstuck- 
Tragermitteln (137, 140) im Innenraum des Rah- 
mens versehen ist, um das Werkstuck sicher und 
prazise darin zu halten. 

Behatter nach Anspruch 1 oder 2, wobei die Turmit- 
tel (124) aus einer U-(6rmigen, schwenkbewegli- 
chen Abdeckung mil Vorder- und Lateralseilen be- 
stehen. 

Behalter nach Anspruch 3, wobei die Laleralseiten 
der schwenkbeweglichen Abdeckung mit Lochern 
(125), die mit entsprechenden gebohrten Elemen- 
ten (118) zusammenwirken, die. an der Oberseite 
des Gehauses in der Nahe der Hauptzugangsoff- 
nung ausgebildet sind, und mit abnehmbaren St'ri- 
ten (126) sowie mit AbdeckungsverschluBmitteln 
(127) versehen sind, die mil entsprechenden, in 
dem Gehause ausgebildeten VerschluBmitteln 
(120) zusammenwirken. 



12. Behalter nach irgendeinem obigen Anspruch, wo- 
bei die Gaseinleitungsventilmittel (129) einen 
Schnellverbindungsabdichtungsstopfen beinhal- 
ten, der ein Ruckschlagventil (129A) und einen 

s Hochleistungsfilter (129B) umfaBt. 

13. Behalter nach irgendeinem obigen Anspruch, wo- 
bei das Gehause mit Gasuberwachungsmitteln 
(1 49) zur Gasparameteruberwachung versehen ist. 

TO 

14. Behalter nach irgendeinem obigen Anspruch, der 
des weiteren eine obere (1 43) und eine untere (1 44) 
Schutzhulle beinhaltet, um die Gehauseoberseite 
und -unterseite zu schutzen. 

is 

15. Behalter nach Anspruch 14, wobei die obere und 
die untere Schutzhulle mil PositionierVZentriermit- 
teln versehen sind. 

2" 16. Behalter nach Anspruch 14, wobei die Positionier-/ 
Zentriertuhrungsmittel ein Paar entsprechender, 
langgestreckter Rillen (147) beinhalten, die an der 
unteren Schutzhulle ausgebildet sind. 



5. Behalter nach Anspruch 3 Oder 4, wobei die 
schwenkbewegliche Abdeckung (124) des weiteren 
Rollenlagermittel (128) beinhaltet. 

6. Behalter nach irgendeinem obigen Anspruch, wo- 
boi jede-Latera!sei!e des Gehaus6S.6ine Vertiefung 
(112) aulweist, die mit einem Blindloch (111) zum 
Greifen des Behalters versehen ist. 

7. Behalter nach irgendeinem obigen Anspruch, wo- 
bei die Gehauseoberseite und der Gehauseboden 
mit Positionier-/Zentriermitteln versehen sind. 

B. Behalter nach Anspruch 7, wobei die Positionier-/ 
Zentriermittel zwei langgestreckte Rillen (11 3) be- 
inhalten, die in der Gehausebodenflache ausgebil- 
det sind. 



2S 17. Behalter nach Anspruch 16, der des weiteren ein 
Paar langgestreckter Schienen (145) fur die obere 
Schutzhulle zum leichten Stapeln von Behaltern be- 
inhaltet 

30 is. Behalter nach irgendeinem der obigen Anspruche 
14 bis 17, wobei die untere Schutzhulle des weite- 
ren mit Bewegungsmitteln versehen ist, um den Be- 
halter durch einen Handhabungsroboter.oder eine* 
Betatigungseinrichtung zu bewegen. 

35 

1 9. Behalter nach Anspruch 1 8, wobei die Bewegungs- 
mittel aus einem Paar von Blindlochern bestehen. 

20. Behalter nach Anspruch 19, wobei die obere 
4" Schutzhulle mit entsprechenden Stiffen (146) ver- 
sehen ist. 



9. Behalter nach Anspruch 8, der des weiteren zwei 
langgestreckte Schienen (114) beinhaltet, die in der 
Gehauseoberseite ausgebildet sind, wobei die 
langgestreckten Schienen und Rillen eine entspre- 
chende Gestalt aufweisen, um ein leichtes Stapeln 
von Behaltern zu erlauben. 

10. Behalter nach irgendeinem obigen Anspruch, wo- 
bei die AuBenseite des Gehausebodens mit Mitteln 
(115) versehen ist, die geeignet sind, den Behalter 
durch einen Roboter zu bewegen. 

11. Behalter nach irgendeinem obigen Anspruch, wo- 
bei die Innenwand (106) mit Fuhrungsgliedern 
(109) in der Kapselseite (103B) versehen ist. 



21. Behalter nach irgendeinem der obigen Anspruche 
13 bis 20, wobei die obere Schutzhulle vorspringen- 
de Bereiche (143) aufweist, um in die Vertiefungen 
einzurasten. 

22. Behalter nach irgendeinem der Anspruche 1 3 bis 
20, wobei die untere Schutzhulle vorspringende Be- 

5" reiche (1 44) aufweist, um in die Vertiefungen einzu- 
rasten. 

23. Behalter nach irgendeinem obigen Anspruch. der 
des weiteren eine Kennzeichnungsmarke (148) be- 

ss inhaltet, die auf der ruckwartigen Gehauselateral- 
seite angebracht ist. 

24: Behalter nach irgendeinem obigen Anspruch, der 
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des weiteren Abdichtungsmittel (122) beinhaltet, 
welchB die Offnung (104) umgeben, um mit den 
TOrmitteln zum hermetischen Abdichten des Innen- 
raums des Kassettenlanks zusammenzuwirken. 

s 

25. Behalter nach irgendeinem der Anspruche 2 bis 24, 
wobei der Rahmen im wesentlichen halbkreislormig 
ist. 

26. Behalter nach irgendeinem der Anspruche 2 bis 25, >o 
wobei die Transleroffnung (132) djrch zwei be- 
nachbarte Subdffnungen gebildet wird: wobei die 
obere Suboffnung (1 32A) geeignet ist, das Werk- 
stOck gleitend aulzunehmen, und die untere Sub- 
offnung (1 32B) daf Or geeignet ist, einen vakuumbe- is 
triebenen Greifer aufzunehmen. 

27. Behalter nach irgendeinem der Anspruche 2 bis 26, 
wobei der perforierte Rand (14) mit Perforationen 
(142) am Umfang der Transleroffnung versehen ist, 20 
die so ausgelegt sind, daft das eingeschlossene, 
unter Druck stehende Gas dazu tendiert, unter Bil- 
den eines extemen Gasvorhangs in unmittelbarer 
Nachbarschaft der Transleroffnung zu entweichen, 
wenn die Turmittel geoffnet werden. 25 

28. Behalter nach irgendeinem der Anspruche 2 bis 27, 
wobei der Rahmen (1 31 ) des weiteren Klemmmittel 
(140) beinhattet, die mit entsprechenden Mitteln 
(110), die sich in dem Gehause befinden, zum pra- 30 
zisen SchlieBen mit diesem zusammenzuwirken. 

29. Behalter nach irgendeinem der Anspruche 1 bis 28, 
wobei der Kassettentank aus einem nicht kontami- 
nierenden Material besteht. 35 

30. Behatter nach Anspruch 29, wobei das Material ein 
Kunststoff ist. 

31. Behalter nach Anspruch 30, wobei der Kunststoff <o 
transparent ist 

32. Behalter nach Anspruch 29, wobei das Material 
Edelstahl ist. 

45 

33. Behalter nach irgendeinem der Anspruche 2 bis 32, 
wobeider Halter aus einem nicht kontaminierenden 
Material besteht. 

34. Behalter nach Anspruch 33, wobei der Halter aus so 
einem Kunststoff besteht. 

35. Behalter nach Anspruch 34, wobei der Kunststoff 
transparent ist. 

55 

36. Behalter nach Anspruch 33, wobei der Halter aus 
reinem Si0 2 oder mit SiO z beschichtetem Kunst- 
stoff besteht. 



37. Behalter nach irgendeinem der Anspruche 2 bis 36, 
wobei der Halter geeignet ist, eine Mehrzahl von 
Werkstucken aufzubewahren. 

38. Behalter nach Anspruch 37, wobei der Halter aus 
einem Oblichen Mehrfach-Werkstucktrager (151) 
besteht. 

39. Behalter nach irgendeinem der Anspruche 11 bis 
38, wobei die Anzahl, Abmessung und Lageorien- 
tierung der Locher (107) auf einen maximalen Par- 
tikeleinfangeffekt ausgelegt sind. 

40. Behalter nach irgendeinem der Anspruche 2 bis 39, 
wobei die Durchkontaktlochmittel aus Durchkon- 
taktlochern bestehen, deren Anzahl, Abmessung, 
Lage und Orientierung auf einen maximalen Parti- 
keleinfangeffekt ausgelegt sind. 

41. Behalter nach Anspruch 40, wobei die Locher und 
Durchkontakllocher versetzt sind, um den Partikel- 
einfangeffekt weiter zu erhohen. 

42. Behalter nach irgendeinem obigen Anspruch, wo- 
bei der positive Differenzdruck Wp ungefahr im Be- 
reich von 500 Pa bis 10.000 Pa liegt. 

43. Behalter nach Anspruch 42, wobei der positive Dif- 
ferenzdruck Wp gleich 5.000 Pa betragt. 

44. Behalter nach irgendeinem obigen Anspruch, wo- 
bei das Neutralgas in der Gruppe ausgewahlt ist, 

— die aus N 2 , He und Ar besteht._ . 

45. Behalter nach irgendeinem der obigen Anspruche 
2 bis 44, wobei das Werkstuck aus der Gruppe von 
Objekten mit flacher Form ausgewahlt ist, die um- 
faBt: Halbleiterwafer, Audio-Kompaktdisks, ROM- 
Kompakldisks, .magnetische Disketten, Keramik- 
substrate, Strichplatten, Patronen und dergleichen. 

46. Behalter nach Anspruch 1, wobei das Objekt ein 
Halbleiterwafer ist. 

47. Verfahren zur Herstellung von integrierten Schalt- 
kreisen, das die Schritte umfaBt: 

Bereitstellen eines Halbleiterwafers in dem un- 
ter Druck stehenden, abdichtbaren, tragbaren 
Behalter nach irgendeinem der obigen Anspru- 
. che 1 bis 46; 

Druckbeaufschlagung des Innenraumsdes Be- 
halters durch Verbinden der Gaseinleitungsmit- 
tel mit einem Abgabesystem fur komprimiertes 
uttrareines Neutralgas; 

Anordnen des Behalters vor einer unter Druck 
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stehenden, abdichtbaren Ladeschteusen-Kop- 
peleinrichlung, die mit Turmitleln zum Ver- 
schlieBen der Hauptzugangsoffnung derselben 
versehen ist; wobei die Koppeleinrichtung die 
AuBenumgsbung mit einer Fertigungsanlage s 
koppelt; 

Druckbeaulschlagung des Innenraums der 
Koppeleinrichtung; 

10 

Offnen des Behalters und der Turmittel der 
Koppeleinrichtung, wodurch von dort aufgrund 
des durch die Druckbeaulschlagung verur- 
sachten Uberdrucks ein signifikanter GasfluB 
erzeugt wird; 11 

gleichzeitiges Bewegen des Behalters in Rich- 
tung der Koppeleinrichtung, damitdie Hauptzu- 
gangsoffnung/Transferoffnung des Behalters 
und' die Hauptoffnung.der Koppeleinrichtung 20 
dicht zusammenpassen, 

wodurch ein unter Druck stehender, gemeinsa- 
mer Innenraum erzeugt wird, so daB jegliches 
Eindringen von Verunreinigungen in diesen & 
- verhindert wird; und 

Transferieren des Wafers aus dem Innenraum 
des Behalters in den Innenraum der Koppelein- 

Revendicatlons 

1. Recipient portatif Blanche pressurise (100) 3* 
comprenant : 

un reservoir de cassette (123) de forme prati- 
quement parallelepipedique, constituS fonda- 
mentalement d'un logement en forme de bottier 
(102) d^finissant un espace interieur (103) 
comportant une ouverture d'acces principale 
(104) sur la face laterale avant; adaptee au 
transfert d'entree et de sortie d'un objet, ledit 
logement etant muni d'une paroi interne (106) 45 
separant ledit espace interieur (103) en deux 
regions : une premiere region (103A) que Ton 
appelle reservoir et uneseconde region (103B) 
que I'on appelle receptacle qui est adapte pour 
recevoir ledit objet, ladite paroi interne etant 5° 
niunie de moyens de trous destines a permettre 
la circulation d'un gaz entre lesdites premiere 
et seconde regions, 

un moyen de soupape d'injection de gaz (1 29) s* 
insert dans une ouverture fa he dans ledit loge- 
ment en communication avec ledit reservoir, le- 
dit moyen d'injection de gaz etant adapte pour 



etre relie a une installation d'alimentation en 
gaz neutre ultra pur comprime (700) afin cfeta- 
blir une premiere pression statique ou nominale 
determined p a I'interieur dudit espace inteneur 
pr^sentant une pression diftSrentielle positive 
Wp par rapport a I'environnement extSrieur afin 
' de creer une surpression entre ceux-ci, 

un moyen de support (108) destine a maintenir 
fermement et avec precision un objet & I'inte- 
rieur dudit receptacle, et 

un moyen de porte (124) s'adaptant de facon 
etanche a ladite ouverture d'acces principale 
(104). 

2. Recipient portatif etanche pressurise selon la re- 
vendication 1 , dans lequel ledit objet est constitu6 
d'une structure de maintien, ladite structure de 
maintien (130) constitute fondamentalement d'un 
carter amovible (131) definissant un espace inte- 
rieur (134) presentant une ouverture de transfert 
(1 32) sur la face avant adaptee au transfert d' entree 
et de sortie d'une piece d'ouvrage, ladite ouverture 
de transfert est entouree d'un rebord perform (141) 
s'adaptant de fac on etanche a ladite ouverture d'ac- 
ces principale, ledit carter etant muni d'un moyen 
de trous de passage (1 33) sur une face opposee a 
ladite ouverture de transfert pour la circulation du 
gaz entre ledit receptacle fit I'aspace inttriaurdu 
carter et avec un moyen de support de piece 
d'ouvrage (1 37, 1 40) dans I'espace interieur du car- 
ter afin de maintenir fermement-et avec precision 
ladite piece d'ouvrage dans celui-ci. 

3. Recipient selon la revendication 1 ou 2, dans lequel 
ledit moyen de porte (124) est constitue d'un cou- 
vercle pivotant en forme de U comportant des faces 
avant et laterales. 

4. Recipient selon la revendication 3, dans lequel les- 
. dites faces laterales ducouvercle pivotant sontmu- 

nies de trous (125) cooperant avec des elements 
aleses correspondants (118) formes dans la surfa- 
ce superieure du logement a proximite de ladite 
ouverture d'acces principale et de broches amovi- 
bles (126), un moyen de verrouillage de couvercle 
(127) cooperant avec des moyens de verrouillage 
correspondants (120) formes dans le logement. 

5. Recipient selon la revendication 3 ou 4, dans lequel 
ledit couvercle pivotant (1 24) comprend en outre un 
moyen de palier a roulement (128). 

6. Recipient selon I'une quelconque des revendica- 
tions precedents*, dans lequel chaque face laterale 
du logement comporte un eviderhent (112) muni 
d'un trou borgne (111) destine a saisir le recipient. 
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7. Recipient selon Tune quelconque des revendica- 
tfons precedentes, dans lequel le dessus du loge- 
ment et le fond du logement sonl munis de moyens 
de positionnement/centrage. 

s 

8. Recipient selon la revendicatlon 7, dans lequel les- 
dits moyens de positionnement/centrage sont 
constituSs de deux rainures allongees (113) for- 
nixes dans la surface de fond du logement. 

10 

9. Recipient selon la revendication 8 comprenant en 
outre deux rails allonges (114) formes dans la sur- 
face superieure du logement, dans lequel lesdits 
rails et rainures allonges ont una forme correspon- 
dante afin de permettre un empilement facile des is 
recipients. 

10. Recipient selon fune quelconque des revendica- 
tions precedentes, dans lequel la surface exterieure 
de fond du logement est munie de moyens (115) 
adaptes pour dSplacer le recipient au moyen dun 
robot. 

11. Recipient selon I'une quelconque des revendica- 
tions precedentes, dans lequel ladite paroi interne *s 
(106) est munie de plots de guidage (109) du c6te 

du r6ceptacle (103B). 

12. Recipient selon I'une quelconque des revendica- 
tions precedentes, dans lequel ledit moyen de sou- 30 
pape d ; injeciion de gaz ( i 29) esi corisiiiue a"un rac- 
cord d'etancheite a fixation instantanee compre- 

. nant une soupa pe de non retour (129A) et un filtre 
a hatte efficacite (129B). 

35 

13. Recipient selon I'une quelconque des revendica- 
tions precedentes, dans lequel ledil logement est 
muni d'un moyen d'observation du gaz (149) desti- 
ne a la surveillance des parametres du gaz. 

40 

14. Recipient selon I'une quelconque des revendica- 
tions precedentes comprenant en oulre des coques 
de protection superieure (143) et inferieure (144) 
afin de proteger les surfaces de dessus et de fond 

du logement. is 

15. Recipient selon la revendication 14, dans lequel 
lesdites coques de protection superieure et infe- 
rieure sont munies de moyens de positionnement/ 
centrage. so 

16. Recipient selon la revendication 14, dans lequel le- 
• dit moyen de guidage de positionnement/centrage 

est constitue d'une paire de gorges allongees cor- 
respondantes (147) formees sur la coque de pro- ss 
tection inferieure. 

17. Recipient selon la revendication 1 6. comprenant en 



outre une paire de rails allonges (1 45) destines a la 
coque de protection superieure afin d'empiler faci- 
lement les recipients. 

18. Recipient selon Tune quelconque des revendica- 
tions 1 4 a 1 7, dans lequel ladite coque de protection 
inferieure est en oulre munie d'un moyen mobile 
destine a deplacer le recipient au moyen d'un robot 
de manipulation ou d'un dispositif d'actionnement. 

19. Recipient selon la revendication 18, dans lequel le- 
dit moyen de deplacement est constitue d'une paire 
de trous borgnes. 

20. Recipient selon la revendication 19, dans lequel la- 
dite coque de protection superieure est munie de 
broches correspondantes (146). 

21. Recipient selon fune quelconque des revendica- 
tions 1 3 a 20, dans lequel ladite coque de protection 
superieure comporte des regions saillantes (143) 
pour s'attacher auxdits evidements. 

22. Recipient selon I'une quelconque des revendica- 
tions 1 3 a 20, dans lequel ladite coque de protection 
inferieure comporte des regions saillantes (144) 
pour s'attacher auxdits 6videments. 

23. Recipient selon fune quelconque des revendica- 
tions precedentes comprenant en outre une eti- 
quette d'ideniificaiion (i46)rixee suria face iaieraie 
arriere du logement. 

24. Recipient selon fune quelconque des revendica- 
tions precedentes comprenant en outre un moyen 
de joint (122) entourant ladite ouverture (104) afin 
de cooperer avec ledit moyen de porte pour la ler- 
meture etanche de I'espace interieur du reservoir 

- de cassette. 

25. Recipient selon I'une quelconque des revendica- 
tions 2 a 24 dans lequel ledit carter est pratiquement 
semi-circulaire. 

26. Recipient selon fune quelconque des revendica- 
tions 2 a 25, dans lequel ladite ouverture de trans- 
fer! (132) est formee de deux sous-ouvertures 
contigues : 

la sous-ouvertufe superieure (132A) est adaptee 
pour recevoir de fafon coulissante la piece d'ouvra- 
ge et la sous-ouverture inferieure (1 32B) est adap- 
tee pour recevoir une pince actionnee par depres- 
sion. 

27. Recipient selon I'une quelconque des revendica- 
tions 2 a 26, dans lequel ledit rebord perfore (141) 
est muni de perforations (142) a la peripheric de la- 
dite ouverture de transferl qui sont concues de fa- 
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con a ce que le gaz pressurise enferme tende a 
s'evacuer en (ormant un rideau de gaz externe a 
proximiteimmediatede ladite ouverturedetransfert 
lorsqus ledit moyen de porte est ouverl. 

28. Recipient selon I'une quelconque des revendica- 
tions 2 a 27, dans lequel ledit carter (1 31 ) comprend 
en outre un moyen de serrage (1 40) cooperant avec 
un moyen correspondant (110) situe dans le loge- 
ment, destine a un verrouillage precis avec celui-ci. 

29. Recipient selon I'une quelconque des revendica- 
tions 1 a 28, dans lequel ledit reservoir de cassette 
est (ait d'un materiau non contaminant. 

30. Recipient selon la revendicatlon 29, dans lequel le- 
dit materiau est une matiere plastique. 

31. Recipient selon la revendication 30, dans lequel la- 
dite matiere plastique est transparente. 

32. Recipient selon la revendication 31 , dans lequel le- 
dit materiau est de I'acier inoxydable. 

33. Recipient selon I'une quelconque des revendica- 
tions 2 a 32, dans lequel ladite structure de maintien 
est faite d'un materiau non contaminant. 

34. Recipient selon la revendication 33, dans lequel la- 
rjito structure de maintien est faite de matiere plas- 
tique. 

35. Recipient selon la revendication 34, dans lequel la- 
dite matiere plastique est transparente. 

36. Recipient selon la revendication 33, dans lequel la- 
■ dite structure de mainlien est faite de SiOg pur ou 

de matiere plastique revetue de SiO z . 

37. Recipient selon I'une quelconque des revendica- 
tions 2 a 36, dans lequel ladite structure de maintien 
est adaptee pour stacker une plurality de pieces 
d'ouvrage. 

38. Recipient selon la revendication 37, dans lequel la- 
dite structure de maintien est constitute d'un por- 
teurde pieces d'ouvrage multiples standard (151). 

39. Recipient selon I'une quelconque des revendica- 
tions 11 a 38, dans lequel le nombre, la taille, et 
I'orieritation de I'emplacement desdits trous (107) 
sont concus pour un effet de piegeage maximum 
des particules . 

40. Recipient selon I'une quelconque des revendica- 
tions 2 a. 39, dans lequel ledit moyen de trous de 
passage est constitue de trous de passage dont le 
nombre, la taille, I'emplacement et I'orientation sont 



concus pour un effet de piegeage maximum des 
particules. 

41. Recipient selon la revendication 40, dans lequel 
s lesdits trous et trous de passage sont decales afin 

d'ameliorer davantage I'effet de piegeage des par- 
ticules. 

42. Recipient selon Tune quelconque des revendica- 
"> tions precedentes, dans lequel ladite pression dif- 

ferentielle positive Wp est approximativement dans 
la plage de 500 a 10000 Pa. 

43. Recipient selon la revendication 42, dans lequel la- 
is dite pression differentielle positive Wp est egale a 

5000 Pa. 

44. Recipient selon rune quelconque des revendica- 
tions precedentes, dans lequel ledit gaz neutre est 

20 selectionne dans le groupe comprenant le Mj, le He 
et I'Ar. 

45. Recipient selon I'une quelconque des revendica- 
tions precedentes 2 a 44, dans lequel ladite piece 

25 d'ouvrage est selectionnee dans le groupe d'objets 
a forme plate comprenant : des tranches de semi- 
conducteur, des disques compacts audio, des dis- 
ques compacts ROM, des disques magnetiques, 
des substrats de ceramique, des reticules, des car- 

30 touches et analogues. 

46. Recipient selon la revendication 1, dans lequel ledit 
objet est-une tranche de semiconducteur. 

35 47. Precede de fabrication de circuits integres compre- 
nant les etapes consistant a : 

prevojr une tranche de semiconducteurdans le 
recipient portatif etanche pressurise selon I'une 
40 quelconque des revendications 1 a 46 ci-des- 

sus, 

pressuriser I'espace ihterieurdudit recipient en 
connectant ledit moyen cf injection de gaz a une 
45 installation d'alimentation en gaz ultra pur corn- 

prime, 

placer ledit recipient devant un dispositif d'in- 
terface a verrouillage de charge etanche pres- 
so surise muni d'un moyen de porte destine a re- 

fermer I'ouverture d'acces principale de celui- 
ci, ledit dispositif d'interiace realisant I'interface 
de I'environnement exterieur avec un equipe- 
ment de traitement, 

55 

pressuriser I'espace interieur dudit dispositil 
d'interface, 
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ouvrir le moyen de porta du recipient et du dis- 
posal □"interface, en produisant ainsi un ecou- 
lementde gaz significatif depuiscelui-ci, en rai- 
son de la surpression provoqu^e par la pressu- 
risation, s 

deplacer simultanement ledit recipient vers le- 
dit dispositit cfinterface pour obtenir I'adapta- 
tion etanche de I'ouverture d'acces principale 
du recipient/ouverture de translert, et de 'o 
I'ouverture principale du dispositit d'interface, 
en creant ainsi un espace interieur commun 
pressurise dans lequel toute penetration de 
contaminant est empechee, et 

is 

transferer ladite tranche depuis I'espace inte- 
rieur dudit recipient jusque dans I'espace inte- 
rieur dudit dispositif d'interface. 
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